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4 2 .  Female  and male  g.# c o n t r a r i u m  o p e r c u l a  w i d t h  (mm) by month#
4 3 .  Female  and m ale  B.  c o n t r a r i u m  o p e r c u l a  w e i g h t  ( g )  by  m o n th .
4 4 .  Female  ( a b o v e )  and m ale  ( b e l o w )  B.  c o n t r a r i u m
r e g r e s s i o n  o f  s h e l l  w i d t h  (mm) on s h e l l  l e n g t h  (mm).
4 5 .  Female  ( a b o v e )  and male  ( b e l o w )  B.  c o n t r a r i u m  
r e g r e s s i o n  o f  m ea t  w e i g h t  ( g )  on t o t a l  w e i g h t  ( g ) .
4 6 .  Fem ale  ( a b o v e )  and m ale  ( b e l o w )  B. c.Q.afcrar.iu,m 
r e g r e s s i o n  o f  t o t a l  w e i g h t  ( g )  on s h e l l  l e n g t h  (ram).
4 7 .  Female  ( a b o v e )  and m ale  ( b e l o w )  B. c o n t r a r i u m  
r e g r e s s i o n  o f  o p e r c u l a  l e n g t h  (mm) on s h e l l  l e n g t h  (mm)•
4 8 .  Female  ( a b o v e )  and m ale  ( b e l o w )  B. c o n t r a r i u m  
r e g r e s s i o n  o f  f o o t  w e i g h t  ( g )  on mea t  w e i g h t  ( g ) .
4 9 .  E d i b l e  m e a t  y i e l d  ( f o o t  w e i g h t / t o t a l  w e i g h t )  f o r
B . c o n t r a r iu m *
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B usy  c o n  c a r i c a . t h e  k n o b b e d  w h e l k ,  g.. c a a  C ra n ium ,  t h e  l i g h t n i n g  
w h e l k ,  and B. c a n a l i c u l a t u m . t h e  c h a n n e l e d  w h e l k ,  c o n s t i t u t e  t h e  w h e l k  
f i s h e r i e s  o f  V i r g i n i a .  B u s v c o n  c a r i c a  i s  h a r v e s t e d  p r i m a r i l y  i n  a 
d i r e c t  summer d r e d g e  f i s h e r y  a nd  a s  a b y - c a t c h  f r o m  w i n t e r  b l u e  c r a b  
( C a l l i n e c t e s  s a n i d u s ) d r e d g i n g .  P e a k  l a n d i n g s  o c c u r r e d  i n  1966 w i t h
2 1 6 , 0 0 0  kg ( 4 7 6 , 0 0 0  l b ) ,  w i t h  a v a l u e  o f  $ 7 0 , 5 0 0 .  B usvc on  c o n t r a r i u m  i s  
p r i m a r i l y  l a n d e d  by  t h e  s u r f  c la m  ( S p i s u l a  s o l i d i s s i m a )  f i s h e r y  o f f s h o r e  
o f  t h e  V i r g i n i a / N o r t h  C a r o l i n a  b o u n d a r y  and B. c a n a l i c u l a t u m  p r i m a r i l y  
a s  a b y - c a t c h  f rom  c r a b  p o t s ,  o t t e r  t r a w l s ,  and s u r f  c la m  d r e d g e s .  Peak 
l a n d i n g s  o f  c o n t r a r i u m  and g.. o c c u r r e d  i n  1974 and 1975
w i t h  o v e r  4 6 4 , 0 0 0  kg (1  m i l l i o n  l b )  a t  an  e x - v e s s e l  v a l u e  o f  $ 1 1 0 ,0 0 0  
f o r  e a c h  y e a r ,  c o i n c i d e n t  w i t h  p e a k  s u r f  c l a m  l a n d i n g s .  V i r g i n i a  
l a n d i n g s  f o r  a l l  s p e c i e s  i n  1984 t o t a l l e d  6 4 ,0 0 0  kg ( 1 4 1 , 1 0 0  l b )  w i t h  an  
e x - v e s s e l  v a l u e  o f  $ 7 5 , 5 0 0 .
B i o l o g i c a l  i n f o r m a t i o n  f o r  t h e  t h r e e  s p e c i e s  a r e  summ arized  from 
p u b l i s h e d  and u n p u b l i s h e d  r e p o r t s  a n d  t h e s e s  t o  i d e n t i f y  g a p s  i n  t h e  
s c i e n t i f i c  l i t e r a t u r e .
S p e c i e s  i d e n t i f i c a t i o n ,  s i z e  f r e q u e n c i e s ,  s e x  r a t i o s ,  m o v e m e n t  o n  
a n d  o f f  c o m m e r c i a l  f i s h i n g  g r o u n d s  a n d  e d i b l e  m e a t  y i e l d s  w e r e  
d e t e r m i n e d  f rom  c o m m e rc i a l  c a t c h  s a m p l e s  f rom J u n e  1 9 8 3  t h r o u g h  A u g u s t  
1 9 8 4 .  B u s v c o n  c a r i c a  o c c u r r e d  p r i m a r i l y  i n  t h e  Bay summer d r e d g e  
f i h s e r y ,  c o m p r i s i n g  99 p e r c e n t  o f  t h e  c o n c h  b y - c a t c h .  F e m a l e s  
p r e d o m i n a t e d  o v e r  m a l e s  i n  s i z e  a n d  s e x  f r e q u e n c i e s .  B u s v c o n  
c a n a l i c u l a t u m  was  c a u g h t  i n  a v a r i e t y  o f  f i s h e r i e s ,  b u t  was  l a n d e d  
p r i m a r i l y  i n  t h e  Bay c r a b  p o t  and o f f s h o r e  s u r f  c la m  d r e d g e  b y - c a t c h .  
I t  i s  d i s t i n g u i s h e d  f r o m  i t s  c o n g e n i c s  by  i t s  w i l l i n g n e s s  t o  e n t e r  
b a i t e d  p o t s .  F e m a l e s  a l s o  p r e d o m i n a t e d  o v e r  m a l e s  i n  s i z e  and  se x  
f r e q u e n c i e s .  B u s y c o n  c o n t r a r i u m  i s  d i s t i n g u i s h e d  f r o m  t h e  o t h e r  
V i r g i n i a  w h e l k  s p e c i e s  by  i t s  g r e a t e r  s i z e  and s i n i s t r a l  o r i e n t a t i o n .  
I t  c o n t r i b u t e d  n e a r l y  t h r e e  f o u r t h s  o f  t h e  o f f s h o r e  s u r f  c l a m  d r e d g e  
c o n c h  b y - c a t c h .  F e m a l e s  a l s o  p r e d o m i n a t e d  o v e r  m a l e s  i n  s i z e  and sex  
f r e q u e n c i e s .
BIOLOGICAL REVIEW AND COMMERCIAL WHELK FISHERIES ANALYSIS 
OF BUSYCON CARICA WITH COMMENTS ON fc. CANALICULATUM AND CQMTBABIUM
IN VIRGINIA
THESIS OBJECTIVES
Bus.yc.QR c a r i c a > t h e  knobbed  w h e l k ,  g.. c a n a  l  i e  u la.fcum» t h e  c h a n n e l e d  
w h e l k ,  a n d  g.. c o n t r a r i u m * t h e  l i g h t n i n g  w h e l k ,  a r e  c o m m e r c i a l l y  
h a r v e s t e d  a l o n g  t h e  n o r t h - w e s t e r n  A t l a n t i c  C o a s t  ( K e n t ,  1 9 8 1 ;  
W e i n h e i m e r ,  1 9 8 2 ;  E d w a r d s ,  1 9 8 5 ) .  R e c e n t  i n c r e a s e s  i n  p r o d u c t  v a l u e ,  
e x p a n s i o n  o f  l o c a l  p r o d u c t s  i n t o  f o r e i g n  m a r k e t s  a n d  t h e  d e c l i n e  o f  
o t h e r  c o m m e r c i a l  s h e l l  a n d  f i n f i s h e r i e s  may h a v e  c o n t r i b u t e d  t o  
i n c r e a s e d  i n t e r e s t  i n  c o m m e rc i a l  w h e lk  f i s h e r i e s .  E x p a n s i o n  o f  w h e l k  
f i s h e r i e s  i n  S o u t h  C a r o l i n a  i n  t h e  l a t e  1 9 7 0 ' s  and G e o r g i a  i n  t h e  e a r l y  
1 9 8 0 ' s  were  p o s s i b l e  b e c a u s e  o f  c o n v e r s i o n  o f  s h r i m p  t r a w l e r s  t o  w h e l k  
t r a w l e r s  ( W e i n h e i m e r ,  1 9 8 4 ;  A n d e r s o n  and E v e r s o l e ,  1982 ;  E v e r s o l e  and 
A n d e r s o n ,  1 9 8 2 ) .
The d y n a m i c s  o f  B u s v c o n  s t o c k s  i n  t h e  C h e s a p e a k e  Bay a r e  n o t  w e l l  
u n d e r s t o o d .  The w h e lk  f i s h e r i e s  i n  V i r g i n i a  a p p e a r  n o t  t o  be  i n  c r i s i s  
t o d a y  b u t  i n c r e a s i n g  f i s h i n g  p r e s s u r e  c o u l d  r e s u l t  i n  t h e i r  d e c l i n e .  
Busycon  l a n d i n g s  t o t a l l e d  o v e r  4 6 4 , 0 0 0  k g  (1  , 0 2 5 , 0 0 0  l b )  i n  1 9 7 4  a n d  
1 9 7 5  a s  a  b y - c a t c h  o f  t h e  s u r f  c l a m  ( S p i s u l a  s o l i d i s s i m a )  f i s h e r y .  
L a n d i n g s  o f  t h i s  m a g n i t u d e  i n d i c a t e  t h e  p o s s i b i l i t y  o f  v e r y  h i g h  f i s h i n g  
p r e s s u r e  o n  t h e  B u s v c o n  f i s h e r i e s .  B usycon  l a n d i n g s  f o r  1985 t o t a l l e d
6 4 , 0 0 0  kg ( 1 4 1 , 0 0 0  l b ) .  C u r r e n t  l a n d i n g s  o f  Busycon  a s  b y - c a t c h  i n  t h e  
s u r f  c la m  f i s h e r y  may be a s  l i t t l e  a s  1 o r  2 b u / t r i p  due  t o  M i d - A t l a n t i c  
F i s h e r i e s  Management  Commiss ion  r e s t r i c t i o n s  on s u r f  c lam  l a n d i n g s .
4N e i t h e r  t h e  b i o l o g y  n o r  t h e  c o m m e r c i a l  f i s h e r i e s  o f  any w h e lk s  
have  b e e n  t h o r o u g h l y  s t u d i e d  i n  t h e  C h e s a p e ak e  Bay o r  c o a s t a l  V i r g i n i a  
w a t e r s •
The  p u r p o s e  o f  t h i s  i n v e s t i g a t i o n  was  t o  p r o v i d e  i n s i g h t  o n  
p o p u l a t i o n  s t r u c t u r e  o f  t h e  c o m m e rc i a l  f i s h e r i e s .  The o b j e c t i v e s  were  
t o :
a )  s y n t h e s i z e  h i s t o r i c a l  d a t a  f r o m  p u b l i s h e d  a r t i c l e s  and 
u n p u b l i s h e d  r e p o r t s  on t h e  b i o l o g y  o f  Busycon  s p e c i e s ;
b )  e x a m i n e  l a n d i n g s  a n d  l i c e n s i n g  i n f o r m a t i o n  f r o m  t h e  
V i r g i n i a  M a r ine  R e s o u r c e s  Commiss ion t o  d e s c r i b e  t h e  V i r g i n i a  
c o m m e rc i a l  c onc h  f i s h e r i e s ;  and
c)  i n v e s t i g a t e  t h e  c o m m e rc i a l  f i s h e r y  f l u c t u a t i o n s  o f  B u s v c o n  
and  d e t e r m i n e  p o p u l a t i o n  p a r a m e t e r s  s u c h  a s  s p e c i e s  r a t i o s ,  
s i z e  f r e q u e n c i e s ,  s e x  r a t i o s  and e d i b l e  m e a t  y i e l d s  f o r  e a c h  
s p e c i e s •
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PART I .  BIOLOGICAL REVIEW AND VIRGINIA COMMERCIAL LANDINGS 
ANALYSIS OF BUSYCON CARICA * fi.. CAMLIGULAIUH AND fc. CONTRARIUM.
I n t r o d u c t i o n
T h e r e  a r e  f e w  p u b l i c a t i o n s  on  t h e  l i f e  h i s t o r y  a n d  p o p u l a t i o n  
d ynam ics  o f  B u s v c o n . commonly known a s  c o n c h s  o r  w h e l k s  t h r o u g h o u t  i t s  
r a n g e  f r o m  New E n g l a n d  t o  F l o r i d a  ( M a g a l h a e s ,  1 9 4 8 ;  E d w a r d s  a nd  
Humphrey,  1981 ;  K e n t ,  1981 ;  1 9 8 3 ) .  F u r t h e r ,  t h e r e  a r e  f e w  a d d i t i o n a l  
u n p u b l i s h e d  a c c o u n t s  o f  Busycon  ( S i s s o n ,  1972 ;  S t e v e n s ,  1976 ;  D av i s  and 
M a t h i e s s e n ,  1978;  Wood, 1979 ;  LILCO, 1979;  1981;  1 9 8 2 ;  1 9 8 3 ;  W a l k e r  e t  
a l . ,  1 9 8 0 ;  W a l k e r ,  1 9 8 2 ;  W e i n h e i m e r ,  1982;  H a r a s e w y c h ,  1982 ;  E d w a r d s ,  
1985 ;  A n d e r s o n  e t  a l . , 1 9 8 5 ) .  T h i s  p a p e r  r e v i e w s  t h e s e  r e p o r t s  a nd  
i n v e s t i g a t e s  t h e  V i r g i n i a  Busycon  f i s h e r i e s .
The V i r g i n i a  w h e l k  f i s h e r i e s  a r e  c o m p o s e d  o f  t h r e e  s p e c i e s ,  g.. 
c a r i c a . t h e  knobbed w h e l k ,  B. c a n a l i c u l a t u m . t h e  c h a n n e l e d  w h e lk  and B. 
c o n t r a r i u m . t h e  l i g h t n i n g  w h e l k .  D i f f e r e n c e s  among t h e  s p e c i e s  a r e  
l i s t e d  i n  T a b l e  1 .
T h e re  have  b e e n  no p r e v i o u s  s t u d i e s  o f  t h e  c o m m e r c i a l  f i s h e r y  o f  
t h e s e  s p e c i e s  i n  V i r g i n i a  w a t e r s .  An a n a l y s i s  o f  t h e  V i r g i n i a  whelk  
f i s h e r i e s  shows t h a t  c o m m e rc i a l  l a n d i n g s  h a v e  d e c r e a s e d  i n  r e c e n t  y e a r s ,  
d u e  p r i m a r i l y  t o  t h e  d e c l i n e  o f  t h e  o f f s h o r e  s u r f  c l a m  ( S p i s u l a  
s o l i d i s s i m a )  f i s h e r y  o f  w h ich  cana l ic .U , l a tum  and B.  c o n t x a r i u m  a r e  a
m a j o r  b y - c a t c h .  O f f s h o r e  w he lk  l a n d i n g s  peaked  i n  1974 and 1975 w i t h  
c a t c h e s  o f  o v e r  4 5 0 , 0 0 0  kg (1  m i l l i o n  l b )  e a c h  y e a r .  B u s v c o n  c a r i c a  
l a n d i n g s  f r o m  t h e  d i r e c t e d  e f f o r t  C h e s a p e a k e  Bay d r e d g e  f i s h e r y  peaked  
i n  1966 w i t h  2 1 5 , 6 2 8  kg ( 4 7 6 , 0 0 0  l b )  and h a v e  s i n c e  f l u c t u a t e d  w i d e l y .
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L i f e  H i s t o r y  B u s v c o n  c a r i c a  a n d  g.. Cjanall.C.UlatUffl a r e  f o u n d  on
s u b t i d a l  a nd  i n t e r t i d a l  f l a t s  i n  w a t e r s  w i t h  s a l i n i t y  g r e a t e r  t h a n
1 5 ° / o o ,  a s s o c i a t e d  w i t h  b e d s  o f  o y s t e r s  ( C r a s s o s t r e a  v i r g i n i c a )  and h a r d
c la m s  ( M e r c e n a r i a  m e r c e n a r i a ) ( A b b o t t ,  1 9 7 4 ;  E v e r s o l e  a n d  A n d e r s o n ,
1 9 8 2 ) .  B u s y c o n  c a n a l i c u l a t u m  and B. g jaa lLarium  a r e  a l s o  c a u g h t  by s u r f
c lam  ( S p i s u l a  s o l i d i s s i m a )  v e s s e l s  w o r k i n g  a p p r o x i m a t e l y  45  km o f f  t h e
V i r g i n i a / N o r t h  C a r o l i n a  s t a t e  b o u n d a r y .
Busvcon  c a r i c a  p o p u l a t i o n s  i n  N o r t h  C a r o l i n a  c o n s i s t  o f  l o c a l i z e d
s l o w - g r o w i n g ,  l o n g - l i v e d  a n i m a l s ,  w i t h  i n d i v i d u a l s  c o n t i n u a l l y  m i g r a t i n g
b e t w e e n  a d j a c e n t  i n t e r t i d a l  p o p u l a t i o n s  ( M a g a l h a e s ,  1 9 4 8 ;  E d w a r d s  and
H u m p h r e y ,  1 9 8 1 ) .  M i g r a t i o n  o c c u r s  i n  r e s p o n s e  t o  food  a v a i l a b i l i t y  and
t o  d e e p e r  w a t e r  s e a s o n a l l y  (Edwards  and Humphrey, 1981 ;  W a l k e r ,  1 9 8 2 ) .
S p e c i e s  A bunda nc e  The r e l a t i v e  a b u n d a n c e  o f  Busvcon  s p e c i e s  a l o n g  t h e
e a s t e r n  U n i t e d  S t a t e s  a n d  M e x i c o  h a s  b e e n  d e t e r m i n e d  ( F i g u r e  1 ) .
2Busvcon  d e n s i t i e s  f o r  d i f f e r e n t  g e o g r a p h i c a l  a r e a s  r a n g e  f rom  0 . 5 / 1 0 0  m 
2t o  2 0 / 1 0 0  m ( T a b l e  2 ) .  B u s y c o n  c a n a l i c u l a t u m  i s  m o r e  c o m m o n l y  
h a r v e s t e d  i n  t h e  n o r t h e r n  U n i t e d  S t a t e s  t h a n  g.. c a r i c a  o r  g.. c o n t r a r i u m . 
A n o r t h - s o u t h  c l i n e  i n  B u s y c o n  s h e l l  t h i c k n e s s  a l s o  o c c u r s  a l o n g  t h e  
e a s t  c o a s t  ( P u l l e y ,  1 9 5 9 ) ,  w i t h  t h i c k e r  s h e l l e d  s p e c i e s  d o m i n a t i n g  o v e r  
t h e i r  t h i n n e r  s h e l l e d  c o n g e n i c s  a l o n g  a  n o r t h - s o u t h  o r i e n t a t i o n  f r o m  
Woods H o l e ,  MA t o  B e a u f o r t ,  NC ( P a i n e ,  1 9 6 2 ) .  Busycon  c a r i c a  i s  more 
a b u n d a n t  t h a n  g.. c a n a l i c u l a t u m  i n  t h e i r  s h a r e d  r a n g e ,  a s  g.. CQD.tX.aii.ua 
i s  m o re  a b u n d a n t  t h a n  g.. s p i r a t u m . t h e  p e a r  w h e l k ,  i n  t h e i r  s h a r e d  
r a n g e .
F e e d i n g  A l l  t h r e e  B u s y c o n  s p e c i e s  a r e  c a r n i v o r o u s  g a s t r o p o d s  a s  
a d u l t s .  A d u l t  Busycon  f e e d  m o s t l y  on l a m e l l i b r a n c h  b i v a l v e s ,  i n c l u d i n g  
t h e  A m e r i c an  o y s t e r ,  h a r d  c l a m ,  s u r f  c l a m ;  b l u e  m u s s e l  ( M y t i l u s  e d u l i s ) :
r i b b e d  m u s s e l  ( G e u k e n s i s  d e m i s s u s ) :  b a y  s c a l l o p  (ArgQp.eC t e n  i r i .a .d .. ian.S) ; 
r a z o r  c l a m  ( l , a g . s l u s  p l e b e i u s )  : a n d  d o g  c l a m  ( Ch i  o n e  c a n c e  11 a t  a ) 
( M a g a l h a e s ,  1948;  C a r r i k e r ,  1951 ;  Menze l  and N i c h y ,  1 9 5 8 ;  P a i n e ,  1 9 6 2 ;  
P e t e r s o n ,  1982 ;  P e t e r s o n  e t  a l . ,  1 9 8 2 ) .
Busycon  c a n a l i c u l a t u m  w i l l  f e e d  on  c a r r i o n ,  a n d  a r e  a t t r a c t e d  t o  
b a i t e d  t r a p s  i n  t h e  New E n g l a n d  w h e l k  f i s h e r i e s  ( M a g a l h a e s ,  1 9 4 8 ;  
S i s s o n ,  1972 ;  D a v i s  and M a t h i e s s e n ,  1978 ;  LILCO, 1 9 8 1 ) .  The o y s t e r  and  
h a r d  c l a m  c o m p r i s e  t h e  m ain  d i e t  f o r  a d u l t  S.. c a r i c a , w i t h  s h e l l  e n t r y  
a t t a i n e d  by c h i p p i n g  a t  t h e  v a l v e s  w i t h  t h e  l i p  o f  t h e  s i p h o n a l  e d g e  o f  
t h e  s h e l l  a n d  i n s e r t i n g  t h e  p r o b o s c i s  t o  r a s p  o u t  t h e  f l e s h  ( C o l t o n ,  
1 9 0 8 ;  W a r r e n ,  1 9 1 6 ;  K e n t ,  1 9 8 3 ) .  B u s v c o n  c o n t x a r i u m  i s  f o u n d  i n  
a s s o c i a t i o n  w i t h  s u r f  c l a m s .  J u v e n i l e s  and a d u l t s  o f  a l l  t h r e e  s p e c i e s  
f e e d  p r i m a r i l y  on s m a l l  u n i v a l v e s  and b i v a l v e s .
B u s v c o n  c a n a l v i c u l a t m a  i s  u n a b l e  t o  c h i p  a t  t h e  s h e l l  o f  i t s  p r e y  
b e c a u s e  o f  i t s  t h i n  s h e l l  ( 2  mm v e r s u s  4 mm o f  B .  c a r i c a  a n d  &. 
c o n t r a r i u m ) ( M a g a l h a e s ,  1 9 4 8 ;  P a i n e ,  1962 ;  K e n t ,  1 9 8 1 ) .  P a i n e  ( 1 9 6 2 )  
s t u d i e d  e c o l o g i c a l  d i v e r s i f i c a t i o n  o f  B. c o n t r a r i u m  and B. s p i r a t u m . t h e  
p e a r  w h e l k ,  i n  F l o r i d a .  He s u g g e s t e d  t h a t  when Busycon  c o n g e n i c s  l i v e  
i n  t h e  sam e  g e o g r a p h i c  a r e a  t h e r e  m u s t  b e  s u f f i c i e n t  e c o l o g i c a l  
d i f f e r e n c e s  t o  p r e c l u d e  i n t e r f e r e n c e  c o m p e t i t i o n .  S h e l l  t h i c k n e s s  would 
be one  s u c h  d i v e r s i f i c a t i o n .
C a r r i k e r  ( 1 9 4 9 )  r e p o r t e d  t h a t  g.. c a r i c a  and B. c a n a l i c u l a t u m  h a v e  a 
t e n d e n c y  t o  o p e n  t h i n n e r  s h e l l e d  m o l l u s c s  f i r s t .  T h e  w h e l k ,  b y  
c o n t r a c t i n g  t h e  c o l u m e l l a r  m u s c l e ,  s l o w l y  b r i n g s  i t s  o u t e r  l i p  t o  b e a r  
b e t w e e n  t h e  v a l v e s  o f  t h i n  s h e l l e d  b i v a l v e s  s u c h  a s  M y t i l u s ♦ and e i t h e r  
f o r c e s  a p a r t  o r  c h i p s  away t h e  ed g e  o f  t h e  v a l v e .
8C o p e l a n d  ( 1 9 1 8 )  i n v e s t i g a t e d  t h e  o l f a c t o r y  r e s p o n s e  o f  g,. 
c a n a l i c u l a t u m  e x p o s e d  t o  c r u s h e d  o y s t e r s .  A c h e m i c a l  r e c e p t o r ,  t h e  
o s p h r a d i u m ,  i s  s i t u a t e d  w i t h i n  t h e  s i p h o n  and m a n t l e  c a v i t y .  A n a l y s i s  
o f  m o v e m e n t  p a t t e r n s  s h o w e d  t h a t  t h e  s w i n g i n g  o f  t h e  s i p h o n  t o  t h e  
w h e l k ' s  r i g h t  and  l e f t  w h i l e  c r a w l i n g  p r e c e d e s  s t i m u l a t i o n .  T h i s  
s t i m u l a t i o n  p r o m o t e s  a change  i n  t h e  d i r e c t i o n  o f  l o c o m o t i o n  t o w a r d s  t h e  
food  s o u r c e .  T h e r e f o r e ,  t h e s e  s n a i l s  do n o t  f i n d  food  a c c i d e n t a l l y  b u t  
r e a c t  t o  c h e m i c a l  s u b s t a n c e s  i n  t h e  w a t e r .
R e p r o d u c t i o n  F e r t i l i z a t i o n  o c c u r s  i n t e r n a l l y  i n  B .  c . a x i c a  , g..
C .a n a l i .C U l . a t . u m  a n d  g.. c.QntX.a,L.ium ( M a g a l h a e s ,  1 9 4 8 ;  P u l l e y ,  1 9 5 9 ;  
W e in h e im e r ,  1 9 8 2 ) .  C o p u l a t i o n  was  o b s e r v e d  d u r i n g  M a r c h ,  A u g u s t  a n d  
S e p t e m b e r  f o r  g.. c a r i c a  a n d  &.  c a n a l i c u l a t u m  i n  N o r t h  C a r o l i n a  
( M a g a l h a e s ,  1 9 4 8 ) .  Spawning  may o c c u r  p r i m a r i l y  i n  t h e  l a t e  summer a n d  
f a l l  f o r  B.. c a n a l i c u l a t u m  i n  Rhode  I s l a n d ,  a l t h o u g h  o c c a s i o n a l  r i p e  
i n d i v i d u a l s  a r e  found  i n  t h e  s p r i n g  ( B e t z e r  and P i l s o n ,  1 9 7 4 ) .  S t e v e n s  
( 1 9 7 6 )  r e p o r t e d  two spaw n ing  s e a s o n s  f o r  B,. c a r i c a  i n  S o u th  C a r o l i n a ;  i n  
1 9 7 5 - 1 9 7 6 ,  t h e  m a j o r  s p a w n i n g  p e r i o d  b e g a n  i n  l a t e  O c t o b e r  o r  e a r l y  
N o v e m b e r ,  w h i l e  s p r i n g  s p a w n i n g  b e g a n  i n  A p r i l .  W e i n h e i m e r  (1 9 8 2 )  
r e p o r t e d  g o n a d a l  i n d i c e s  f o r  g.. c a r i c a  i n  S o u th  C a r o l i n a  a n d  s u g g e s t e d  
o n e  s p a w n i n g  p e r i o d  o f  b e t w e e n  s i x  and t e n  m o n t h s ,  i n  c o n t r a s t  t o  t h e  
two s paw ning  p e r i o d s  r e p o r t e d  by B e t z e r  and  P i l s o n  ( 1 9 7 4 )  a n d  S t e v e n s  
( 1 9 7 6 ) .
On t h e  E a s t e r n  S h o r e  o f  V i r g i n i a ,  e g g  s t r i n g s  a r e  l a i d  f r o m  
Se p tem be r  t o  November and h a t c h  i n  t h e  s p r i n g ,  March t o  A p r i l  ( K r a e u t e r ,
1 9 7 7 ) .  Busycon  c a x ie . a  and g.. c a n a l i c u l a t u m  l a y  a p p r o x i m a t e l y  2 , 2 0 0  e g g s  
p e r  c a p s u l e  w i t h  a b o u t  h a l f  d e v e l o p i n g  i n t o  embryos  ( M a g a l h a e s ,  1948;  
D a v i s  and M a t h i e s s e n ,  1 9 7 8 ) .  A d e s c r i p t i o n  o f  e g g  l a y i n g  i s  g i v e n  by  
Ram ( 1 9 7 7 ) .  Ram ( 1 9 7 7 )  a n d  Ram, e t  a l .  ( 1 9 8 2 )  o b s e r v e d  t h a t  Busycon
9c a p s u l e  s t r i n g s  a lw a y s  had e m p t y  c a p s u l e s  a t  t h e  i n i t i a l l y  l a i d  e n d .  
P .u a x c ^ q  C ja r ic a  had 13-17  empty  c a p s u l e s  and t h e  B. c a n a l i c u l a t u m  s t r i n g  
had 4 -57  empty c a p s u l e s .  Busvcon c a r i c a  l a i d  c a p s u l e s  i n  t h e  l a b o r a t o r y  
a t  an  a v e r a g e  i n t e r v a l  o f  1 . 9  + 1 * 5  h o u r s / c a p s u l e .  T h e r e  i s  no e v i d e n c e  
t h a t  a s i n g l e  f e m a le  d e p o s i t s  m o r e  t h a n  o n e  s t r i n g  i n  a  s i n g l e  y e a r .  
The s c a r c i t y  o f  s t r i n g s  may i n d i c a t e  t h a t  m a t u r e  f e m a l e s  may p r o d u c e  
e g g s  l e s s  f r e q u e n t l y  t h a n  once  a  y e a r  ( D a v i s  and M a t h i e s s e n ,  1 9 7 8 ) .
I n  a n  e a r l y  p a p e r  o f  B u s y c o n  e m b r y o l o g y ,  C o n k l i n  ( 1 9 0 7 )  r e p o r t e d  
t h a t  whe lk  e g g s  c o n t a i n  a g r e a t  a m o u n t  o f  y o l k  a l l o w i n g  t h e  v e l i g e r  
s t a g e  t o  d e v e l o p  e n t i r e l y  w i t h i n  t h e  egg  c a p s u l e .  Busvcon  c a r i c a  eg g s  
were  r e p o r t e d  t o  have  a d i a m e t e r  o f  1 7 0 0 u ;  t h o s e  o f  g.. c a n a l i c u l a t u m . 
lOOOu.  J u v e n i l e s  a r e  a p p r o x i m a t e l y  4 mm i n  l e n g t h  when t h e y  h a t c h  and 
b e g i n  t h e i r  e p i b e n t h i c  e x i s t e n c e  i m m e d i a t e l y  ( M a g a l h a e s ,  1 9 4 8 ) .
In  l a b o r a t o r y  s t u d i e s  i n  V i r g i n i a ,  S.* c a r i c a  c a p s u l e  p r o d u c t i o n  and 
h a t c h i n g  r a t e s  v a r i e d  d e p e n d i n g  o n :  1) t h e  p o s i t i o n  o f  t h e  c a p s u l e  i n
t h e  s t r i n g ;  2) c a p s u l e  l e n g t h  and numbers  o f  e g g s ;  3)  d i f f e r e n c e  i n  t h e  
t i m e  o f  d e v e l o p m e n t  o f  e g g s  i n  c a p s u l e s  a l o n g  t h e  s t r i n g ;  
4 )  t e m p e r a t u r e ;  a n d  5 )  d i f f e r e n c e s  i n  h a t c h i n g  t i m e  b e t w e e n  s t r i n g s  
( K r a e u t e r ,  1 9 7 7 ) .
A c t i v i t y  S e a s o n a l  f l u c t u a t i o n s  i n  a c t i v i t y  o f  B.  c a r i c a  a n d  B.
c a n a l i c u a l t u m  h a v e  b e e n  n o t e d  ( M a g a l h a e s ,  1948;  B e t z e r ,  1972 ;  B e t z e r  and 
P i l s o n ,  1 9 7 4 ;  W a l k e r  e t  a l . ,  1 9 8 0 ) .  M a g a lh a es  (1 9 4 8 )  r e p o r t e d  t h a t  Bj. 
c a r i c a  i s  a c t i v e  f o r  a f e w  h o u r s  a  d a y  f o r  s e v e r a l  d a y s  a n d  t h e n  
i n a c t i v e  f o r  a l o n g e r  t i m e .  C a r r i k e r  ( 1 9 5 1 )  r e p o r t e d  t h a t  r e s t  p e r i o d s  
f o r  B. c a r i c a  and g.. c a n a l i c u l a t u m  l a s t e d  a s  l o n g  a s  16 d a y s  i n  a q u a r i a ;  
C o l t o n  ( 1 9 0 8 )  f o u n d  t h e y  r e m a i n  b u r i e d  a b o u t  65 p e r c e n t  o f  t h e  t i m e .  
The t h r e e  Busvcon  s p e c i e s  d i f f e r  i n  d a i l y  a c t i v e  p e r i o d s  ( T a b l e  1 ) .  
Commerc ia l  conch  f i s h e r m e n  i n  V i r g i n i a  d r e d g e  f o r  g.. c a r i c a  a t  t h e  mouth
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o f  t h e  C h e s a p e a k e  Bay a t  n i g h t ,  r e p o r t i n g  r e d u c e d  l a n d i n g s  d u r i n g  
p e r i o d s  o f  f u l l  moon.
K igxatioa  B u s v c o n  c a r i c a  a n d  B . c a n a l i c u l a t u m  a r e  a b u n d a n t  f r o m  
i n t e r t i d a l  a n d  s u b t i d a l  f l a t s  w i t h  f i n e ,  e l a s t i c  s u b s t r a t e s  t o  
a p p r o x i m a t e l y  t h e  50 m i s o b a t h  ( H a r a s e w y c h ,  1 9 8 2 ;  W a l k e r ,  1 9 8 5 )  a nd  
a r e  o f t e n  a s s o c i a t e d  w i t h  £ .  v i r g i n i c a  and H. m e r c e n a r i a . and a r e  o n l y  
r a r e l y  found  on s t i f f  c l a y  o r  r o c k y  b o t t o m  ( P u f f e r  a nd  E m e r s o n ,  1 9 5 4 ;  
P u l l e y ,  1959;  V e r m e i j , 1975)  ( T a b l e  1 ) .  The s u b s t r a t e  p r e f e r e n c e  o f  any 
Busvcon  s p e c i e s  i n  V i r g i n i a  h a s  n o t  b e e n  d e t e r m i n e d .
M a g a l h a e s  ( 1 9 4 8 )  o b s e r v e d  two t y p e s  o f  m i g r a t i o n  f o r  S.* c a r i c a  and
&. c a n a l i c u l a t u m : h o r i z o n t a l  m i g r a t i o n ,  a s s o c i a t e d  w i t h  r e p r o d u c t i o n  and 
f o o d  a v a i l a b i l i t y  f r o m  d e e p  t o  s h a l l o w  w a t e r ;  and v e r t i c a l  m i g r a t i o n  
w i t h i n  t h e  s e d i m e n t s ,  a s s o c i a t e d  w i t h  r e p r o d u c t i o n ,  f o o d  a v a i l a b i l i t y ,  
t i d e s ,  p r e d a t o r  a v o i d a n c e  and  u n f a v o r a b l e  e n v i r o n m e n t a l  c o n d i t i o n s .  
H o r i z o n t a l  l o c o m o t i o n  a v e r a g e d  4 m / h r ,  w i t h  s m a l l  and medium s i z e  w h e lk s  
g e n e r a l l y  moving f a s t e r  t h a n  l a r g e .
K e n t  ( 1 9 8 1 ;  1 9 8 3 )  d e m o n s t r a t e d  t h a t  t h e  c r a w l i n g  s p e e d  o f  B .  
c o n t r a r i u m  was e f f e c t e d  more by  t e m p e r a t u r e  and l e s s  w i t h  body s i z e .  He 
r e p o r t e d  t h a t  B. c o n t r a r i u m  showed l i t t l e  i n c l i n a t i o n  f o r  m i g r a t i o n  a s  
m o s t  w h e l k s  w e r e  r e c a p t u r e d  i n  t h e i r  r e l e a s e  a r e a .  Many w h e lk s  move 
v e r t i c a l l y  f rom  t h e i r  b u r i e d  p o s i t i o n  t o  t h e  s u b s t r a t e  s u r f a c e  i n  a 
d a i l y  c y c l e .  I n  a t a g  a n d  r e c a p t u r e  s t u d y ,  57 p e r c e n t  o f  £.. 
c a n a l i c u l a t u m  r e c a p t u r e d  d u r i n g  104 weeks  o f  s t u d y  were  found  n e a r  t h e i r  
a r e a  o f  r e l e a s e ,  w i t h  a n  a v e r a g e  m i g r a t i o n  r a t e  o f  14 m /day  ( S i s s o n ,  
1 9 7 2 ) .  M a g a lh a e s  (1 9 4 8 )  d e t e r m i n e d  a r a t e  o f  h o r i z o n t a l  m i g r a t i o n  o f  18 
m/day i n  N o r t h  C a r o l i n a  f o r  B. c a r i c a .
W e i n h e i m e r  ( 1 9 8 2 )  f o u n d  t h a t  B .  c a r i c a  f e m a l e s ,  m a l e s ,  a n d  
j u v e n i l e s  m i g r a t e d  i n d e p e n d e n t l y  i n  S o u t h  C a r o l i n a .  M o n t h l y  s h e l l
11
*
l e n g t h  f r e q u e n c y  d i s t r i b u t i o n s  i n d i c a t e d  t h a t  s t o c k  r e c r u i t m e n t  o f  s m a l l  
m a l e s  ( 5 5 - 7 5  mm) i n c u r r e d  i n  J u n e ,  J u l y  and November 197 9 and A p r i l  1980 
w h i l e  l a r g e  m a l e s  ( 1 2 5 - 1 5 5  mm) were n o t  c o l l e c t e d  . b e t w e e n  O c t o b e r  a nd  
November 1979* R e c r u i t m e n t  o f  s m a l l  f e m a l e s  ( 6 0 - 8 0  mm) o c c u r r e d  i n  May
1 9 7 9 ,  J u l y  1979 and O c t o b e r  1979 t h r o u g h  March 1 9 8 0 ,  w i t h  t h e  h e a v i e s t  
r e c r u i t m e n t  i n  May a n d  J u l y  w h i l e  a d e c r e a s e  i n  t h e  numbers  o f  l a r g e  
f e m a le  w h e l k s  ( 1 4 5 - 1 8 7  mm) w as  s e e n  b e t w e e n  A u g u s t  197 9 a nd  J a n u a r y
1 9 8 0 .  T h e  o f f s h o r e  l o c a t i o n  o f  a n y  B u s v c o n  s p e c i e s  h a s  n o t  b e e n  
d e t e r m i n e d  f o r  any s t u d i e d  w he lk  p o p u l a t i o n  on t h e  E a s t  C o a s t .
S e x  R a t i o  Sex  r a t i o  v a r i a t i o n s  o f  d i f f e r e n t  Busycon  s p p .  p o p u l a t i o n s  
o c c u r  a l o n g  t h e  e a s t e r n  c o a s t  o f  t h e  U n i t e d  S t a t e s  ( T a b l e  3 ) .  
W e i n h e i m e r  (1 9 8 2 )  r e p o r t e d  t h a t  B. c a r i c a  sex  r a t i o s  v a r i e d  m o n th l y  and 
a c c o r d i n g  t o  s i z e  r a n g e .  T h r e e  f a c t o r s  may i n f l u e n c e  t h e  s e x  r a t i o  
v a r i a t i o n :  1 )  d i f f e r e n t  m i g r a t i o n  p a t t e r n s  f o r  e a c h  s e x ;  2)  d i f f e r e n t
g r o w t h  r a t e s  f o r  e a c h  s e x ;  a n d  3 )  g r e a t e r  f e m a l e  l o n g e v i t y  ( W e n n e r , 
1 9 7 2 ) .  D i f f e r e n t i a l  g r o w th  r a t e s  and m i g r a t i o n a l  p a t t e r n s  i n f l u e n c e  s e x  
r a t i o s ,  w h i l e  g r e a t e r  f e m a le  l o n g e v i t y  and r e p r o d u c t i v e  p e r i o d i c i t y  h a d  
no a p p a r e n t  i n f l u e n c e  on t h e  s e x  r a t i o s  o f  g.. c a r i c a  ( W e i n h e i m e r ,  1 9 8 2 ) .  
Sex r a t i o  f o r  B.. c a r i c a  and B. c a n a l i c u l a t u m  mav a l s o  v a r y  w i t h  b o t t o m  
d e p t h  ( M a g a l h a e s ,  1 9 4 8 ) .  The m a l e  t o  f e m a l e  r a t i o  o f  S.. c a r i c a  i n  
G e o r g i a  d i f f e r e d  f rom  1 : 1 ,  1 : 2 ,  o r  1 : 3  d e p e n d i n g  on l o c a t i o n  and t im e  o f  
y e a r  ( W a l k e r ,  1 9 8 2 ) .
Growth Growth o f  any B u s y c o n  s p e c i e s  d o e s  n o t  i n c r e a s e  i n  a l i n e a r  
f a s h i o n  a s  s m a l l  s p e c i m e n s  g r e w  t h e  f a s t e s t  ( L I L C O ,  1 9 8 3 ) .  No 
m e a s u r a b l e  g r o w t h  o c c u r r e d  i n  m os t  r e c a p t u r e s ,  e v e n  t h o u g h  a f e w  w e r e  
r e c a p t u r e d  a s  l o n g  a s  t h r e e  y e a r s  a f t e r  t a g g i n g  (LILCO, 1 9 8 1 ) .  S i s s o n  
( 1 9 7 2 )  r e p o r t e d  t h a t  t h e  m e a n  g r o w t h  o f  a l l  r e t u r n e d  t a g g e d  B .  
c a n a l  i c u l  a turn was  2 ; 6  mm r e g a r d l e s s  o f  t im e  a t  l a r g e .  The mean g r o w t h
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r a t e  f o r  f e m a l e  a n d  m a l e  S.. c a r i c a  was  0 . 1 8  m m / d a y ,  e s t i m a t e d  f r o m  
m e d i a n  s h e l l  l e n g t h  and body w e i g h t  v a l u e s  ( W e i n h e i m e r ,  1 9 8 2 ) .  A mean 
g r o w th  r a t e  o f  0 . 4 4  mm/day f o r  10 medium s i z e d  ( 6 6 - 1 3 0  mm) a n d  0 . 0 3 4  
m m /day  f o r  5 l a r g e  ( 1 3 1 - 1 8 0  mm) B. c a r i c a  s p e c i m e n s  i n  N o r t h  C a r o l i n a  
was r e p o r t e d  by M a g a lh a es  ( 1 9 4 8 ) .
S i z e  r a n g e s  o f  c a p t u r e d  B u s v c o n  s p p .  may be  a n o t h e r  c l u e  t o  t h e  
l a c k  o f  o b s e r v a b l e  g r o w t h .  The v a s t  m a j o r i t y  o f  m e a s u r e d  w h e l k s  f r o m  
a l l  s t u d i e s  w e r e  a d u l t s .  I t  i s  p o s s i b l e  t h a t  m o s t  g r o w t h  o c c u r s  i n  
j u v e n i l e s  and t h a t  on c e  m a t u r i t y  i s  r e a c h e d  g r o w th  s l o w s  t o  a r a t e  n o t  
m e a s u r a b l e  b e c a u s e  o f  e i t h e r  t h e  t i m e  s p a n  i n v o l v e d  o r  t h e  l a c k  o f  
s e n s i t i v i t y  o f  t h e  c u r r e n t  m e a s u r i n g  t e c h n i q u e s  employed  t o  d e t e c t  s m a l l  
c h a n g e s  (LILCO, 1 9 8 1 ) .
Busvcon c a r i c a  g r o w t h  r a t e s  a r e  e s t i m a t e d  i n  T a b l e  4 .  S i n c e  g ro w th  
i s  s l o w ,  t h e  f o r m a t i o n  o f  a s i n g l e  s p i n e  c a n  t a k e  b e t w e e n  3 and 17 
mon th s  ( M a g a l h a e s ,  1 9 4 8 ) .  One s p i n e  i s  r o u g h l y  e q u i v a l e n t  t o  1 0 - 2 0  
p e r c e n t  o f  a b o d y  w h o r l  ( K e n t ,  1 9 8 1 ) .  An a v e r a g e  a d u l t  w h e l k  
a p p r o x i m a t e l y  1 00 -120  mm i n  s h e l l  l e n g t h  h a s  10 t o  12 s p i n e s  on  t h e  body  
w h o r l .  T he  f o r m a t i o n  o f  t h e  l a s t  w h o r l  c o u l d  t a k e  2 t o  15 y e a r s  
( P u l l e y ,  1 9 5 9 ) .  K e n t  (1 9 8 1 )  d e t e r m i n e d  t h a t  s p i n e  f o r m a t i o n  o c c u r r e d  
b e t w e e n  l a t e  A p r i l  a n d  e a r l y  O c t o b e r  f o r  B .  q o n t r a r i u m  i n  n o r t h w e s t  
F l o r i d a  when t h e  w a t e r  t e m p e r a t u r e  was g r e a t e r  t h a n  2 0 ° C .  The f a s t e s t  
g ro w in g  s p e c im e n  added a b o u t  one  t h i r d  o f  a w h o r l  i n  one  g r o w in g  s e a s o n ,  
w h i l e  m os t  added  15 p e r c e n t  o r  l e s s  o f  a  w h o r l  d u r i n g  a s e a s o n  ( K e n t ,  
1 9 8 1 ) .  B u s v c o n  c a r i c a  o f t e n  d i s p l a y s  a b r a a s i o n  b e c a u s e  o f  c h i p p i n g  
movements  o f  t h e  s p i r e  d u r i n g  f e e d i n g .
Age  D e t e r m i n a t i o n  M a g a l h a e s  ( 1 9 4 8 )  s t a t e s  t h a t  a g e  o f  Buay.C.Ofl> s p p .  
c a n n o t  be  d e t e r m i n e d  t h r o u g h  e x a m i n a t i o n  o f  g r o w t h  l i n e s  on  t h e  s h e l l  a s  
new g r o w th  c o v e r s  o l d .  R e c o v e r y  o f  m a r k e d  i n d i v i d u a l s  h a s  s u g g e s t e d
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t h a t  t h e r e  a r e  z e r o  t o  t h r e e  g r o w t h  l i n e s  p r o d u c e d  p e r  y e a r  f o r  S.. 
c a r i c a  a n d  £.. c a n a l i c u l a t u m  ( M a g a l h a e s ,  1948 ;  D a v i s  and M a t h i e s s e n ,
1 9 7 8 ) .  S i s s o n  ( 1 9 7 2 )  u s e d  t h e  g r o w t h  l a y e r  on t h e  s h o u l d e r  o f  t h e  m a i n  
b o d y  w h o r l  o f  &. c a n a l i c u l a t u m  f o r  m e a s u r e m e n t  o f  new g r o w t h ,  b u t  n o t  
f o r  a g i n g .  Growth l a y e r s  may be more r e l i a b l e  i n  t h e  t e m p e r a t e  w a t e r s  
o f  R h o d e  I s l a n d  w h e r e  g r o w t h  r i n g s  a r e  l a i d  down a n n u a l l y ,  p r o b a b l y  
d u r i n g  t h e  w i n t e r  m o n t h s  ( W o o d ,  1 9 7 9 ) .  G r o w t h  may b e  s o m e w h a t  m o re  
c o n t i n u o u s  f o r  c a n a l i c u l a t u m  i n  warmer w a t e r s ,  n o t  a l l o w i n g  f o r  t h e  
f o r m a t i o n  o f  a l i n e  m a r k i n g  t h e  end o f  a p e r i o d  o f  g r o w th  (Wood,  1 9 7 9 ) .
A m e t h o d  o f  d e t e r m i n i n g  a g e  v i a  g r o w th  l i n e s  on t h e  o p e r c u l u m  h a s  
b e e n  s u g g e s t e d  f o r  g a s t r o p o d s  (Kubo and Kondo ,  1 9 5 3 ) .  K e n n i s h ,  L u t z  and 
R h o a d s  ( 1 9 8 1 )  d e s c r i b e d  a m e t h o d  f o r  p r e p a r a t i o n  o f  a c e t a t e  p e e l s  o f  
f r a c t u r e d  v a l v e  s e c t i o n s  t o  o b s e r v e  g r o w t h  p a t t e r n s  i n  b i v a l v e  
s h e l l s . T h e  a c e t a t e  p e e l  m e t h o d  f o r  w h e l k  a g e  d e t e r m i n a t i o n  may b e  
a d a p t a b l e  f o r  t h e  g a s t r o p o d  o p e r c u l u m .  A l t e r n a t i v e l y ,  t h i n  m o u n t s  o f  
t h e  o p e r c u l u m  may be  u s e d  t o  age  Busvcon  w h e lk s  w i t h  a l i g h t  m i c r o s c o p e .  
O p e r c u l a  f rom o v e r  1000 V i r g i n i a  w h e lk s  were c o l l e c t e d  d u r i n g  t h i s  s t u d y  
a n d  i n v e n t o r i e d  w i t h  s h e l l  l e n g t h ,  s h e l l  w i d t h  and w e i g h t  m e a s u r e m e n t s  
f o r  f u t u r e  age  a n a l y s i s .
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W h e lk s ,  o r  c o n c h s  a s  t h e y  a r e  c a l l e d  c o m m e r c i a l l y ,  a r e  r e p o r t e d  i n  
t h e  c o m m e rc i a l  l a n d i n g s  o f  t e n  A t l a n t i c  C o a s t  s t a t e s  ( T a b l e  5 ) .  Busvcon  
f i s h e r i e s  ha v e  e x i s t e d  i n  New E n g l a n d  f o r  m o r e  t h a n  25 y e a r s  ( S h a w ,  
1960;  S i s s o n ,  1 9 7 2 ) .  Busycon  f i s h e r i e s  a r e  d e v e l o p i n g  i n  So u th  C a r o l i n a  
and G e o r g i a .  Abundan t  o f f s h o r e  w h e lk  p o p u l a t i o n s  a r e  r e p o r t e d  i n  S o u t h  
C a r o l i n a  s i n c e  a w h e l k  f i s h e r y ‘b e g a n  i n  1978 ( A n d e r s o n  and E v e r s o l e ,  
1983;  E v e r s o l e  a n d  A n d e r s o n ,  1 9 8 2 ;  A n d e r s o n  e t  a l . ,  1 9 8 5 ) .  A n n u a l  
p r o d u c t i o n  h a s  i n c r e a s e d  f rom  6 , 3 7 0  kg ( 1 4 , 0 4 0  l b )  i n  1978 t o  2 0 , 4 0 0  kg 
( 4 1 , 7 2 0  l b )  i n  1 9 8 5  ( K .  Van S a n t ,  S o u t h  C a r o l i n a  D i v .  o f  F i s h  a n d  
W i l d l i f e ,  p e r s .  c o m m u n . , 1 9 8 6 ) .  L a r g e  v e s s e l s  l a n d e d  i n  e x c e s s  o f  100 
b u s h e l s / d a y  f rom  l a t e  w i n t e r  t o  s p r i n g  ( A n d e r s o n  a n d  E v e r s o l e ,  1 9 8 2 ) .  
G e o r g i a  s h r i m p  f i s h e r m e n  have  d e v e l o p e d  a conch  f i s h e r y  s i n c e  1981 f o r  
B.  c , fl , r ica  a n d  S.. c . a . n a . l i c u l a . L i m  f r o m  J a n u a r y  t h r o u g h  M a y .  T h e  
r e c u r r e n c e  o f  po o r  s h r im p  h a r v e s t s  i n  G e o r g i a  s i n c e  1977 h a s  e n c o u r a g e d  
i n c r e a s e d  i n t e r e s t  i n  a  summer conch  f i s h e r y .  L a n d i n g s  r o s e  f r o m  3 , 1 0 0  
kg  ( 6  , 8 4 2  l b )  w o r t h  $ 4 , 3 3 4  f o r  1981 and peaked  a t  2 2 4 ,1 5 0  kg  ( 4 9 4 , 0 3 6  
l b )  w o r t h  $ 2 3 7 , 9 4 1  f o r  1 9 8 4 .  G e o r g i a  l a n d i n g s  f o r  1 9 8 5  d r o p p e d  t o  
9 7 ,9 0 0  kg ( 2 0 0 , 1 8 2  l b )  ( S .  Sh ipm an ,  G e o r g i a  DNR, p e r s .  commun. ,  1 9 8 6 ) .
The V i r g i n i a  Busycon  f i s h e r y  o c c u r s  b o t h  i n  t h e  C h e s a p e a k e  Bay  a nd  
o f f s h o r e  A t l a n t i c  w a t e r s  ( F i g u r e  2 ) .  The f i s h e r y  i s  c o m p o s e d  o f  
l a n d i n g s  o f  &. c a r i c a . S.. c a n  a 1 ic .ul .Alum  a n d  B.  CQntX.axi.Uffl f r o m  c o n c h  
d r e d g e ,  c r a b  d r e d g e ,  c r a b  p o t ,  o t t e r  t r a w l  a n d  s u r f  c lam  f i s h e r i e s .
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I n c i d e n t a l  l a n d i n g s  have  a l s o  b e e n  r e p o r t e d  f rom  f i s h  p o t s ,  g i l l  n e t s ,  
pound n e t s ,  o y s t e r  d r e d g e s  and by h a n d .
FX8BB1K The B.  d r e d g e  f i s h e r y  i s  a d i r e c t e d
e f f o r t  f i s h e r y  i n  t h e  l o w e r  C h e s a p e a k e  Bay a p p r o x i m a t e l y  3 m i l e s  above 
t o  10 m i l e s  o u t s i d e  t h e  C he s a p e a k e  Bay B r i d g e  T u n n e l  and  a p p r o x i m a t e l y  
1 1 /2  t o  2 m i l e s  o f f s h o r e  i n  d e p t h s  o f  27 t o  35 f t  ( A r e a s  2 , 3 , 5 ;  F i g u r e  
2 ) .  The conch  s e a s o n  b e t w e e n  Cape C h a r l e s  and Cape Henry o c c u r s  f r o m  1 
A p r i l  t o  30 S e p t e m b e r .  The s e a s o n  e x t e n d s  f rom  1 May t o  30 Se p tem be r  
w e s t  a nd  n o r t h  o f  t h e  b r i d g e  t o  W o l f  T r a p  L i g h t .  The  summer c o n c h  
d r e d g e  f i s h e r y  i s  r e g u l a t e d  by t h e  V i r g i n i a  M a r in e  R e s o u r c e s  Commiss ion  
(VMRC) by  R e g u l a t i o n  XX.
A m o d i f i e d  c r a b  d r e d g e  i s  u s e d ,  e a s i n g  t h e  t r a n s i t i o n  t o  c o n c h i n g  
o n c e  t h e  c r a b  s e a s o n  e n d s .  Conch d r e d g e r s  d r e d g e  a t  n i g h t  a n d  r e p o r t  
d e c r e a s e d  c a t c h e s  e v e n  d u r i n g  p e r i o d s  o f  f u l l  m o o n .  They l e a v e  t h e  
d o c k s  b e t w e e n  3 and 6 p . m . ,  d e p e n d i n g  on  t h e i r  d i s t a n c e  from t h e  f i s h i n g  
g r o u n d s ,  a n d  r e t u r n  b e t w e e n  7 a n d  9 a . m . ,  d e p e n d i n g  on t h e i r  f i s h i n g  
s u c c e s s .  The c o n c h  d r e d g i n g  w e e k  b e g i n s  S u n d a y  e v e n i n g  a n d  e n d s  
S a t u r d a y  m o r n i n g ,  w e a t h e r  p e r m i t t i n g .  One d r e d g e  tow w i l l  l a s t  b e t w e e n  
10 t o  15 m i n u t e s  f o r  a d i s t a n c e  o f  a p p r o x i m a t e l y  one m i l e .  The d r e d g e r  
w i l l  t h e n  t u r n  a r o u n d  and tow o v e r  t h e  same a r e a  f o r  t h e  same d i s t a n c e  
t o  c a p t u r e  t h o s e  i n d i v i d u a l s  t h a t  w ere  d i s l o d g e d  f rom  t h e  b o t t o m  b u t  n o t  
c a u g h t  d u r i n g  t h e  f i r s t  p a s s .  A good conch  d r e d g e  c a t c h  would c o n s i s t  
o f  4 0 - 5 0  b u / n i g h t  (27 kg o r  60 lb  p e r  b u s h e l ) .
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The n u m b e r  o f  c o n c h  l i c e n s e s  h a s  f l u c t u a t e d  w i d e l y  i n  t h e  n i n e  
y e a r s  t h e  c o n c h  f i s h e r y  h a s  b e e n  m o n i t o r e d  u s i n g  VMRC l i c e n s e s  
( F i g u r e  3 ) .  The d e c l i n e  o f  w h e lk  l i c e n s e s  f rom  24  i n  1980 t o  8 i n  1982 
h a s  s u g g e s t e d  d e c r e a s e d  e f f o r t  a s  t h e  c a u s e  o f  r e d u c e d  l a n d i n g s *  C onc h  
l i c e n s e s  t o t a l l e d  18 f o r  1985*
Busvcon  c a r i c a  c o n t r i b u t e s  n e a r l y  t h r e e  f o u r t h s  o f  t o t a l  V i r g i n i a  
c o n c h  l a n d i n g s  i n  t h e  c o n c h  d r e d g e ,  c r a b  d r e d g e ,  pound n e t ,  o t t e r  t r a w l  
f i s h e r i e s  and b y - h a n d  ( T a b l e  6 )*  B u s y c o n  c a r i c a  c o m p r i s e s  n e a r l y  100 
p e r c e n t  o f  l a n d i n g s  i n  t h e  V i r g i n i a  conc h  d r e d g e  f i s h e r y .  A d d i t i o n a l l y ,  
£.• carica comprises 96 p e r c e n t  o f  o f f s h o r e  o t t e r  t r a w l  c o n c h  b y - c a t c h .  
I n c i d e n t i a l  l a n d i n g s  a r e  a l s o  o b s e r v e d  i n  t h e  i n s h o r e  pound n e t  f i s h e r y  
and b y - h a n d  ( T a b l e  6 ) .  Two E a s t e r n  S h o r e  b u y e r s  p u r c h a s e d  c o n c h  f r o m  
t h e  summer  f i s h e r y  d r e d g e r s  a n d  f r o m  1 982 t o  1985 d e c l i n e d  t o  r e p o r t  
l a n d i n g s .  VMRC c u r r e n t l y  em ploys  a v o l u n t a r y  l a n d i n g s  r e p o r t i n g  s y s t e m .  
C h e s a p e a k e  Bay l a n d i n g s  a r e  known t o  be  u n d e r r e p o r t e d  a s  VMRC c o l l e c t e d  
no l a n d i n g s  f o r  w h e l k s  h a r v e s t e d  i n  t h e  Bay  b y  c o n c h  d r e d g e r s .  T h i s  
l a c k  o f  r e p o r t e d  l a n d i n g s  o c c u r r e d  d u r i n g  t h e  1 9 8 3 / 1 9 8 4  when  I  was 
c o n d u c t e d  d o c k s i d e  s a m p l i n g  o f  t h e  Bay conch  f i s h e r y .
M CAMLICyif&TPK FISflfi&I Rasycon canaliculatum  c o n t r i b u t e s  
s i g n i f i c a n t  c o n c h  l a n d i n g s  i n  t h e  c r a b  p o t  a n d  s u r f  c l a m  f i s h e r i e s  
( T a b l e  6 ) .  B u s y c o u  c a n a l i c u l a t u m  makes up one h u n d r e d  p e r c e n t  o f  c r a b  
p o t  b y - c a t c h  b u t  l e s s  t h a n  o n e  p e r c e n t  i n  t h e  summer c o n c h  d r e d g e  
f i s h e r y .  A d d i t i o n a l l y ,  i n c i d e n t a l  l a n d i n g s  o f  t h i s  s p e c i e s  o c c u r r e d  i n  
t h e  conc h  d r e d g e ,  pound n e t  and o t t e r  t r a w l  f i s h e r i e s  and by h a n d .
P e a k  l a n d i n g s  o f  B.  c a n a l i c u l a t u m  o c c u r r e d  w i t h  p e a k  s u r f  c lam  
l a n d i n g s  i n  1 9 7 2  t o  1 9 7 6  . B u s v c o n  c a n a l  i  c  ul_a  mum . c o n t r i b u t e d  
a p p r o x i m a t e l y  2b p e r c e n t  o f  conch  l a n d i n g s  i n  t h i s  f i s h e r y  and t o t a l l e d
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3 2 7 , 0 0 0  kg  ( 7 2 1 , 0 0 0  l b )  f o r  t h i s  f i v e  y e a r  p e r i o d .  T h i s  s p e c i e s  
c u r r e n t l y  a v e r a g e s  15 p e r c e n t  o f  a l l  V i r g i n i a  conch  l a n d i n g s .  
BVSYCQM-CQHXBM f l f t i  F ISHERY V i r g i n i a  c o n c h  l a n d i n g s  h a v e  f l u c t u a t e d  
m a r k e d l y  s i n c e  1 9 6 3 ,  p e a k i n g  t w i c e ,  i n  1966 and 1 9 7 4 - 7 5 .  The 1966 peak  
i n v o l v e d  C h e s a p e ak e  Bay d r e d g e  c a t c h ,  b u t  i n  1 9 7 4  t o  1 9 7 5  , 95 p e r c e n t  
a n d  97 p e r c e n t ,  r e s p e c t i v e l y ,  o f  t h e  4 9 8 , 0 0 0  kg  (1  m i l l i o n  l b )  were 
t a k e n  by o f f s h o r e  s u r f  c lam  d r e d g e .  Peak  o f f s h o r e  g.. c a n a l i c u  l a  turn and  
B .  c o n t r a r i u m  l a n d i n g s  a r e  m a t c h e d  w i t h  peak  l a n d i n g s  o f  t h e  A t l a n t i c  
s u r f  c l a m ,  S p i s u l a  a o l i d i a s i m a  ( F i g u r e  4 ) .  The s u r f  c l a m  f i s h e r y  was 
i n i t i a t e d  i n  1 9 6 9 / 7 0  i n  a r e l a t i v e l y  s m a l l  a r e a  o f f  C a p e  H e n r y ,  VA 
( R o p e s ,  1 9 8 2 ) .  An a v e r a g e  o f  1 5 .6  p e r c e n t  o f  t o t a l  co n c h  l a n d i n g s  w e r e  
t a k e n  b y  t h e  s u r f  c l a m  f i s h e r y  f rom  1963-1971  . S u r f  c la m  b y - c a t c h  o f  
c o n c h  i n c r e a s e d  t o  9 4 . 9  p e r c e n t  f r o m  1 9 7 2 - 1 9 7 5 ,  a n d  d r o p p e d  t o  52 
p e r c e n t  o f  t o t a l  c a t c h  from 1976 -1982  when l i m i t a t i o n s  on t h e  s u r f  c lam  
i n d u s t r y  were  i n v o k e d .
C o n c h  l a n d i n g s  f r o m  t h e  e a r l y  y e a r s  o f  t h e  s u r f  c la m  f i s h e r y  may 
have  b e e n  u n d e r r e p o r t e d  b e c a u s e  a m a r k e t  f o r  t h e  s p e c i e s  h a d  n o t  y e t  
b e e n  d e v e l o p e d .  The  c o n c h  b y - c a t c h  was g i v e n  t o  t h e  c re w  f o r  " s h a c k '  
money .  A d d i t i o n a l l y ,  t h e  E a s t e r n  Shore  h a s  many "mom a n d  p o p "  s e a f o o d  
o u t l e t s  a n d  f e w  b i g  b u y e r s ,  s o  much  o f  t h e  l a n d i n g s  w e r e  p r o b a b l y  
u n r e p o r t e d .  By t h e  m i d - 1 9 7 0 ' s ,  a conch  p r o c e s s i n g  f a c i l i t y  h a d  o p e n e d  
i n  C a p e  C h a r l e s ,  VA, w h i c h  b o u g h t  m o s t  o f  t h e  c o n c h  l a n d e d  o n  t h e  
E a s t e r n  S h o r e .
F e d e r a l  a n d  s t a t e  m a n a g e m e n t  a t t e n t i o n  i n i t i a l l y  f o c u s e d  on t h e  
o f f s h o r e  s u r f  c lam  f i s h e r y  b e c a u s e  i n d u s t r y  o v e r c a p i t a l i z a t i o n ,  w h i c h  
may h a v e  e n c o u r a g e d  o v e r f i s h i n g ,  t h r e a t e n e d  t h e  r e s o u r c e  w i t h  economic  
e x t i n c t i o n  ( A r m i t a g e ,  1 9 8 5 ) .  F e d e r a l  r e g u l a t i o n s  w e r e  p r o m u l g a t e d  f o r
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r e g i o n a l  management  o f  t h e  s u r f  c lam  f i s h e r y  i n  1977 ( F e d e r a l  R e g i s t e r ,  
1 9 7 7 ) ,  The p l a n  e s t a b l i s h e d  a v a r i e t y  o f  r e g u l a t i o n s ,  i n c l u d i n g  a n  
a n n u a l  c a t c h  q u o t a  o f  1 3 . 5  m i l l i o n  kg (3 0  m i l l i o n  l b )  o f  m e a t  and a 24 
h o u r  p e r  w e e k  f i s h i n g  l i m i t .  S u r f  c l a m  l a n d i n g s  d r o p p e d  f r o m  1 9 . 5  
m i l l i o n  kg (43  m i l l i o n  l b )  i n  1977 t o  1 4 . 2  m i l l i o n  kg ( 3 1 . 4  m i l l i o n  l b )  
i n  1 9 7 8 .  A f i s h i n g  week i n  t h e  V i r g i n i a  s u r f  c lam  f i s h e r y  d u r i n g  t h i s  
s t u d y  c o n s i s t e d  o f  t h r e e  d a y s ,  one  day  t o  and f rom  t h e  o f f s h o r e  f i s h i n g  
g r o u n d s  b a c k  t o  Cape  C h a r l e s ,  VA a n d  o n e  24  h o u r  p e r i o d  o f  f i s h i n g .  
R e g u l a t i o n s  p a s s e d  i n  1986  l i m i t  s u r f  c l a m  f i s h i n g  t o  6 h o u r s  e v e r y  
o t h e r  w e e k .  R e s t r i c t i o n s  p l a c e d  o n  t h e  s u r f  c l a m  f i s h e r y  a l s o  
i n d i r e c t l y  i m p a c t  c o n c h  b y - c a t c h e s  o f  g.. c a n a l i c u l a t u m  a n d  g.. 
c o n t r a r i u m .
B u s y c o n  c o n t r a r i u m  c o m p r i s e s  a l m o s t  t h r e e  f o u r t h s  o f  t h e  V i r g i n i a  
s u r f  c lam  d r e d g e  b y - c a t c h  b a s e d  on c o m m e rc i a l  c a t c h  a n a l y s i s .  B u s v c o n  
c o n t r a r i u m  l a n d i n g s  a r e  e s t i m a t e d  a t  8 6 2 ,0 0 0  kg (1 , 9 0 0 , 0 0 0  l b )  f o r  t h e  
p e r i o d  o f  peak  s u r f  c lam  l a n d i n g s ,  1 9 7 2 - 7 6 .  Busycon  c o n t r a r i u m  i s  a l s o  
l a n d e d  i n c i d e n t a l l y  i n  t h e  o t t e r  t r a w l  f i s h e r y .  B usyc on  c o n t r a r i u m  
c u r r e n t l y  c o n t r i b u t e s  a p p r o x i m a t e l y  13 p e r c e n t  o f  a l l  B u s y c o n  l a n d i n g s  
i n  V i r g i n i a  ( T a b l e  6 ) .
T o t a l  L a n d i n g s  V i r g i n i a  conch  l a n d i n g s  were  f i r s t  r e p o r t e d  by F i s h e r y  
S t a t i s t i c s  o f  t h e  U . S .  i n  1 9 4 0  ( F i g u r e  5 ) .  L a n d i n g s  f o r  e a c h  s p e c i e s  
were  c a l c u l a t e d  u s i n g  l a n d i n g s  d a t a  f r o m  F i s h e r y  S t a t i s t i c s  o f  t h e  
U n i t e d  S t a t e s ,  VMRC and s p e c i e s  c o m p o s i t i o n  f rom f i e l d  s a m p l in g  ( F i g u r e  
6 ) .  No l a n d i n g s  w e r e  r e p o r t e d  i n  1 9 4 2  a n d  1 9 4 3  b e c a u s e  o f  t h e  
s u s p e n s i o n  o f  d a t a  c o l l e c t i o n  due  t o  World War I I .  L a n d i n g s  a v e r a g e d  
a p p r o x i m a t e l y  2 9 ,0 0 0  kg  ( 6 3 , 0 0 0  l b )  p e r  y e a r  f o r  1 9 4 0 - 5 9  ( e x c l u s i v e  o f  
1 9 4 2 - 4 3 ) ,  1 5 2 ,0 0 0  kg  ( 3 3 5 , 0 0 0  l b )  p e r  y e a r  f rom  1 9 6 0 - 7 9 ,  l e s s  t h a n  h a l f  
t h e  19 6 0 -7 9  f i g u r e  w i t h  5 7 ,0 0 0  kg ( 1 2 5 , 0 0 0  l b )  p e r  y e a r  f o r  1 9 8 0 - 8 4 .
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Conch l a n d i n g s  from 1963-1971  were p ro d u c e d  m a i n l y  a s  t h e  r e s u l t  o f  
o f  b y - c a t c h  from c r a b  d r e d g i n g .  L a n d i n g s  r a n g e d  f r o m  a low  o f  4 5 . 1  
p e r c e n t  o f  t o t a l  l a n d i n g s  i n  1 9 6 5  t o  a h i g h  o f  8 3 . 3  p e r c e n t  o f  t o a l
l a n d i n g s  i n  19 7 1 .  L a n d i n g s  o f  a r o u n d  5 0 0 , 0 0 0  kg  ( o v e r  1 m i l l i o n  l b )
w e r e  o b t a i n e d  w i t h  t h e  h y d r a u l i c  s u r f  c l a m  d r e d g e  b e g i n n i n g  i n  1972 .  
Conch b y c a t c h  i n  t h e  s u r f  c lam  f i s h e r y  made up 80 p e r c e n t  o f  l a n d i n g s  i n  
19 7 2 ,  compared  t o  6 . 6  p e r c e n t  o f  l a n d i n g s  from c r a b  d r e d g i n g  i n  t h e  same 
y e a r .
C o n c h  l a n d i n g s  h a v e  b e e n  c o n s i d e r a b l y  r e d u c e d  s i n c e  1 9 7 5 .  
O v e r f i s h i n g ,  c o u p l e d  w i t h  s low  g r o w th  and t h e  l a c k  o f  s i z e  r e g u l a t i o n s ,  
may c a u s e  d e p l e t i o n  o f  l o c a l  p o p u l a t i o n s .  R e s t r i c t i o n s  on t h e  s u r f  c lam  
f i s h e r y  h a s  s t r o n g l y  r e d u c e d  l a n d i n g s  o f  B .  c a n a l i c u l a  turn a n d  B..
c o n t r a r i u m . The C he s a p e a k e  Bay B. c a r i c a  f i s h e r y  h a s  n o t  b e e n  s i m i l a r l y
l i m i t e d .
D o c k s i d e  V a l u e  A v e r a g e  d o c k s i d e  v a l u e  o f  co n c h  i n  1985 o f  b e tw e e n  
$ 1 0 - 1 2 / b u  a p p r o x i m a t e s  t h a t  o f  o y s t e r s  ( $ l l / b u )  and  b l u e  c r a b s  ( $ 8 / b u )  
F i g u r e  5 ) .  P r i c e  p a i d  f o r  conch  v a r i e s  f o r  e a c h  f i s h e r y ,  b u t  t h e  conch  
d r e d g e  f i s h e r y  commands t h e  h i g h e s t  p r i c e s .
P r i c e  p a i d  f o r  c o n c h  v a r i e s  b y  s p e c i e s  i n  Rhode I s l a n d  where  an 
e x t e n s i v e  p o t t i n g  f i s h e r y  f o r  B. c a n a l i c u l a t u m  e x i s t s .  Lower p r i c e s  a r e  
p a i d  f o r  g.. c a r i c a  a n d  B.  c o n t r a r i u m  s i n c e  d r e d g e d  co n c h  a r e  o f f t e n  
f i l l e d  w i t h  mud a n d  may h a v e  b r o k e n  s h e l l  f r a g m e n t s  i n  t h e  m e a t  
( R .  B o r g n i n e ,  Rhode I s l a n d  Se a fo o d  C o u n c i l ,  p e r s .  commun. ,  1 9 8 3 ) .  F i e i d  
s a m p le s  p u r c h a s e d  d i r e c t l y  f rom  t h e  V i r g i n i a  d r e d g e r s  were  c o v e r e d  w i t h  
mud,  b u t  few s p e c i m e n s  had  b r o k e n  s h e l l s .
P r o c e s s i n g  F o u r  p r o c e d u r e s  f o r  r em o v in g  w h e lk  m e a t s  f rom t h e i r  s h e l l s  
h a v e  b e e n  i n v e s t i g a t e d  ( R i p p e n ,  1 9 8 2 ) .  T h e s e  m e t h o d s  i n c l u d e  h a n d  
c r a c k i n g ,  c u t t i n g  o f  s h e l l ,  s t e a m i n g ,  a nd  p r e f r e e z i n g  a n d  t h a w i n g
20
P r e f r e e z i n g  a n d  t h a w i n g  was  f o u n d  t o  b e  t h e  m o s t  e f f e c t i v e  m e t h o d ,  
y i e l d i n g  m e a t  w e i g h t  o f  3 9 . 1  p e r c e n t  o f  t o t a l  l i v e  w e i g h t  a n d  
e v i s c e r a t e d  m ea t  t h a t  was 2 8 , 5  p e r c e n t  o f  l i v e  w e i g h t .  S u b s e q u e n t  hand 
s h u c k i n g  was e a s y ,  w i t h  l e s s  t o u g h e n i n g  o f  t h e  m ea t  t h a n  w i t h  t h e  s t e a m  
a p p l i c a t i o n .  The n e x t  b e s t  y i e l d  came from hand c r a c k i n g  w h ic h  r e s u l t e d  
i n  m ea t  y i e l d s  and e v i s c e r a t e d  m e a t  y i e l d s  o f  3 2 . 7  p e r c e n t  a nd  2 1 . 9  
p e r c e n t  t o t a l  l i v e  w e i g h t ,  r e s p e c t i v e l y .
A d e s c r i p t i o n  o f  t h e  above  f r e e z i n g  m e t h o d  f o l l o w s .  W h e l k s  w e r e  
f r o z e n ,  u n c o v e r e d  a t  2 1 ° C  f o r  6 - 2 4  h o u r s ,  t h e n  t h a w e d  a t  room  
t e m p e r a t u r e ,  s h uc ked  and w e i g h e d .  The a n i m a l s  w e r e  e a s i l y  p u l l e d  f r e e  
f r o m  t h e i r  s h e l l s  a f t e r  h a v i n g  b e e n  f u l l y  f r o z e n  a f t e r  a p p r o x i m a t e l y  16 
h o u r s .  The f r o z e n / t h a w e d  a n i m a l s  w e r e  r e m o v e d  b y  i n s e r t i n g  a k n i f e  
u n d e r  t h e  o p e r c u l u m  f o r  l e v e r a g e  and  t h e n  c u t t i n g  t h e  o p e r c u l u m  o f f  
a f t e r  r e m o v a l .  A marked p r o t r u s i o n  o f  t h e  f o o t  m u s c l e  was  o b s e r v e d  i n  
a l l  f r o z e n  w h e l k s  h a n d l e d  i n  t h i s  m a n n e r .  A d r i p  l o s s  o f  2 . 6  p e r c e n t  
a n d  0 . 7  p e r c e n t  was d e t e r m i n e d  f o r  o n e  a n d  two f r e e z e / t h a w  c y c l e s  
i n d i c a t i n g  a w e i g h t  l o s s  by t h e  p r o c e s s o r  r a t h e r  t h a n  t h e  b u y e r  i f  hand 
c r a c k e d  ( R i p p e n ,  1 9 8 2 ) ,
Many w h e l k  p r o c e s s o r s  i n  Rhode I s l a n d  s e t  a  c u t - o f f  p o i n t  f o r  t h e  
minimum s i z e  a n im a l  t h e y  w i l l  a c c e p t  (W ood ,  1 9 7 9 ) .  A m in im um  s i z e  o f
6 . 0  mm s h e l l  w i d t h  w i t h  i t s  c o r r e s p o n d i n g  a v e r a g e  y i e l d  o f  g r e a t e r  t h a n  
e i g h t e e n  p e r c e n t  w o u l d  m a x i m i z e  t h e  y i e l d  p e r  i n d i v i d u a l  u p o n  
r e c r u i t m e n t  i n t o  t h e  f i s h e r y  (W o o d ,  1 9 7 9 ) .  The r e l a t i o n s h i p  b e tw e e n  
p e r c e n t  y i e l d  o f  e d i b l e  w e i g h t  a n d  s h e l l  s i z e  f o r  B.  c a n a l i c u l a . t u m  
a p p r o a c h e s  a n  a s y m p t o t i c  c u r v e  w i t h  t h e  a s y m p t o t e  b e i n g  25 -27  p e r c e n t  
e d i b l e  w e i g h t  a t  s h e l l  s i z e s  g r e a t e r  t h a n  8 . 5  mm. The  y i e l d  f o r  a n  
a v e r a g e  s i z e  a n i m a l  o f  7 . 2  mm wide  i s  a p p r o x i m a t e l y  21 p e r c e n t .  Below
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t h i s  a v e r a g e  s h e l l  s i z e ,  t h e  y i e l d  d r o p s  o f f  q u i c k l y  w i t h  d e c r e a s i n g  
a n im a l  s i z e .
T h e  m i n i m u m  w e i g h t  r e p o r t e d  f o r  e f f i c i e n t  p r o c e s s i n g  o f  
g.. c a n a l i c u l a t u m  i n  Rhode I s l a n d  i s  164 g w i t h  m os t  a n i m a l s  h a v i n g  4 - 5  
s h e l l  g r o w th  l a y e r s  ( S i s s o n ,  1 9 7 2 ) .  S m a l l e r  a n i m a l s  y i e l d  l e s s  m e a t  i n  
p r o p o r t i o n  t o  s h e l l  w e i g h t ,  w i t h  t h e  y i e l d  p e r  22 kg ( 5 0  l b )  b u s h e l  a l s o  
l e s s  ( S i s s o n ,  1 9 7 2 ) .
The  s m a l l e s t  w h e l k  i n  V i r g i n i a  c o m m e rc i a l  f i e l d  s a m p l e s  f rom J u l y  
1983 t o  A ugus t  1984 was 8 . 3  mm, a B. c a n a l i c u l a t u m  m a l e .  Minimum s i z e  
r e s t r i c t i o n s  a l l o w  m os t  a n i m a l s  t o  spawn b e f o r e  b e i n g  h a r v e s t e d ,  t h e r e b y  
i n c r e a s i n g  r e c r u i t m e n t ;  h o w e v e r ,  l i t t l e  r e s e a r c h  h a s  b e e n  d o n e  w i t h  jL*. 
t o  d e t e r m i n e  a g e  o r  s i z e  a t  f i r s t  r e p r o d u c t i o n .  Any s i z e  r e s t r i c t i o n s  
s e t  by  i n d u s t r y  r e f l e c t  a m in im um  s i z e  f o r  e a s e  o f  s h u c k i n g  a n d  n o t  
c o n s e r v a t i o n  m e a s u r e s .
M a rk e t  M a rke t  v a l u e  f o r  c o n c h  h a s  i n c r e a s e d  d r a m a t i c a l l y  s i n c e  t h e  
e a r l y  1 9 4 0 ' s  f r o m  a p p r o x i m a t e l y  $ 0 . 8 0 / k g  ( $ 0 . 3 6 / l b )  t o  $ 1 . 5 0 / k g  
( $ 0 . 6 8 / l b )  i n  1980 ( F i g u r e  7 ) .  M a r k e t  v a l u e  f o r  1983  a n d  s u b s e q u e n t  
y e a r s  d r o p p e d  due t o  l a c k  o f  r e p o r t i n g  f rom t h e  conch  d r e d g e  f i s h e r y .
In  a d d i t i o n  t o  t h e  V i r g i n i a  B u s y c o n  s p e c i e s ,  U . S .  c o n c h  e x p o r t s  
a l s o  i n c l u d e  B.  s p i r a t u m  f r o m  t h e  s o u t h e r n  U . S .  a n d  S t r o m b u s  s p p .  
( c o n c h )  f rom  F l o r i d a  a n d  C a r i b b e a n  S t r o m b u s  i m p o r t s .  C o n c h  a r e  n o t  
p r  omo t e d  b y  r e g i o n a l  a n d  f e d e r a l  s e a f o o d  c o u n c  i I s  a s  t h e  s u p p l y  
f l u c t u a t e s  t o o  w i d e l y  f o r  t h e  i n t e r n a t i o n a l  m a r k e t  ( R .  B o r g n i n e ,  Rhode  
I s l a n d  S e a f o o d  C o u n c i l ,  p e r s .  commun. ,  1 9 8 3 ) .  U n i t e d  S t a t e s  S trombus  
i m p o r t s  f l u c t u a t e  a c c o r d i n g  t o  t h e  m a r k e t p l a c e  a s  t h e y  a r e  a p r i n c i p a l  
e x p o r t  s e a f o o d  p r o d u c t  f r o m  t h e  C a r i b b e a n .  B u s v c o n  l a n d i n g s  a r e  
s t r o n g l y  t i e d  t o  t h e  l a n d i n g s  o f  o t h e r ,  l a r g e r  f i s h e r i e s  ( i . e . ,  c r a b s ,  
s u r f  c l a m s ) .  Conchs f o r  f o r e i g n  e x p o r t  have  b e e n  g e t t i n g  s m a l l e r  due  t o
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O r i e n t a l  demand f o r  s m a l l e r  a n i m a l s  ( R .  B o r g n i n e , Rhode  I s l a n d  S e a f o o d  
C o u n c i l ,  p e r s .  commun. ,  1 9 8 3 ) .
The m a r k e t  f o r  w h e lk s  b e g a n  w i t h  t h e  i n c r e a s e d  w h e l k  l a n d i n g s  a s  
b y - c a t c h  f r o m  t h e  s u r f  c l a m  f i s h e r y  on  t h e  E a s t e r n  Shore  i n  t h e  m id -  
1 9 7 0 ' s .  One p r o c e s s o r  i n  Cape C h a r l e s ,  VA was  p r o c e s s i s n g  w h e l k s  and  
s h i p p i n g  t h e  m e a t  t o  a New J e r s e y  c a n n e r y .  I n  e a r l y  1 9 8 6 ,  a n o t h e r  
E a s t e r n  Shore  b u y e r  opened  p r o c e s s i n g  f a c i l i t i e s  f o r  p r o c e s s i n g  up  t o  
30 0  b u / d a y ,  f o r  a  t o t a l  volume o f  4 0 , 0 0 0  b u / y e a r .  Both  p r o c e s s o r s  a r e  
s e l l i n g  t h e  p r o c e s s e d  conch  t o  a New J e r s e y  c a n n e r y .  P r i o r  t o  1986  , 
t h i s  s e c o n d  b u y e r  h a d  s h i p p e d . h i s  e n t i r e  s u p p l y  " i n  t h e  s h e l l "  t o  
n o r t h e r n  m a r k e t s ,  p r i m a r i l y  F u l t o n ' s  F i s h  M a rk e t  i n  New York C i t y .  From 
F u l t o n ' s ,  i t  had b e e n  s o l d  l o c a l l y ,  s h i p p e d  t o  t h e  New E n g la n d  m a r k e t  o r  
s h i p p e d  r a w  t o  t h e  E u r o p e a n  a n d  O r i e n t a l  m a r k e t .  F o r e g o i n g  t h e  
i n c o n s i s t e n t  p r i c e  s e t t i n g  o f  F u l t o n ' s  M a rk e t  i n  New York w i l l  e n a b l e  a 
s t e a d y  s u p p l y  o f  p r o c e s s e d  conch  t o  t h e  s e a f o o d  i n d u s t r y ,  a n d  m a x i m i z e  
s t a t e  b e n e f i t  t h r o u g h  e m p l o y m e n t  a n d  t a x e s .  The p r o p o s e d  volume o f  
conch  t o  be h a n d l e d  by t h i s  p r o c e s s o r  ( r o u g h l y  1 8 0 , 0 0 0  kg ( 4 0 0 , 0 0 0  l b )  
o f  m e a t s )  i n d i c a t e s  t h a t  l a n d i n g s  f r o m  1982  t o  1985  a r e  p r o b a b l y  
u n d e r r e p o r t e d  t o  t h e  same d e g r e e .  R e p o r t e d  l a n d i n g s  o f  1 4 1 , 0 0 0  l b  
( 7 , 0 0 0  bu )  i n  1984 r e s u l t  f rom i n c i d e n t a l  s h i p m e n t s  by t r u c k  t o  F u l t o n ' s  
M arke t  a l o n g  w i t h  o t h e r  s e a f o o d  p r o d u c t s .  The d e g r e e  o f  u n d e r r e p o r t i n g  
c a n  n o t  b e  e s t i m a t e d  f o r  p r i o r  y e a r s ,  b u t  i s  b e l i e v e d  t o  be s u b s t a n t i a l  
g i v e n  t h e  low l a n d i n g s  f i g u r e s .
One V i r g i n i a  w h o l e s a l e r / r e t a i l e r  b e g a n  p u r c h a s i n g  conch  i n  1984 
f r o m  t h e  y e a r  r o u n d  E a s t e r n  S h o r e  b u y e r  f o r  l o c a l  p r o c e s s i n g  a n d  
s h i p p i n g  t o  t h e  O r i e n t .  T h i s  c o n t r a c t  l a s t e d  f o r  l e s s  t h a n  s i x  m on th s  
due  t o  t h e  p r o c e s s o r ' s  i n a b i l i t y  t o  p r o v i d e  an  a d e q u a t e  raw  p r o d u c t  f o r  
h i s  O r i e n t a l  b u y e r s .  The p r o c e s s i n g  t e c h n i q u e  i n v o l v e d  b r e a k i n g  t h e
23
s h e l l  open  w i t h  a hammer,  r e m o v i n g  t h e  v i s c e r a  and  w a s h i n g  t h e  s h e l l  
f rom  t h e  e d i b l e  p r o d u c t .  He had t r i e d  t h e  f r e e z i n g  t e c h n i q u e  I  u s e d  f o r  
p r o c e s s i n g  o f  f i e l d  s a m p l e s ,  b u t  t h i s  m e t h o d  was  n o t  s u c c e s s f u l  f o r  
u n d e t e r m i n e d  r e a s o n s .
PART I I I .  COMMERCIAL CATCH COMPOSITION OF THREE BUSYCON FISHERIES
IN VIRGINIA.
I n t r o d u c t i o n
No s t u d y  d e a l i n g  w i t h  t h e  b i o l o g y  o r  c o m m e r c i a l  f i s h e r y  o f  a n y  
B u s v c o n  s p e c i e s  h a s  b e e n  r e p o r t e d  f o r  t h e  C h e s a p e a k e  Bay o r  c o a s t a l  
V i r g i n i a  w a t e r s ,  a l t h o u g h  t e n s  o f  t h o u s a n d s  o f  b u s h e l s  o f  w h e l k s  a r e  
h a r v e s t e d  e a c h  y e a r .  T h i s  i n v e s t i g a t i o n  a i m s  t o  p r o v i d e  i n s i g h t  on 
p o p u l a t i o n  s t r u c t u r e  o f  t h e  c o m m e rc i a l  f i s h e r i e s .
I n  an  a t t e m p t  t o  c h a r a c t e r i z e  t h e  s p e c i f i c  B u s v c o n  f i s h e r i e s ,  
d o c k s i d e  s a m p l i n g  o f  t h e  c o n c h  c a t c h e s  f r o m  V i r g i n i a ' s  c o m m e r c i a l  
f i s h e r i e s  was c o n d u c t e d  f r o m  J u n e  1983  t h r o u g h  A ug u s t  1984 .  S p e c i e s  
r a t i o ,  s e x  r a t i o ,  s i z e  f r e q u e n c i e s  a n d  e d i b l e  m e a t  y i e l d  w e r e  
i n v e s t i g a t e d  f o r  e a c h  c o m m e rc i a l  f i s h e r y .
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Methods
D o c k s i d e  B u s v c o n  s p e c i m e n s  were  c o l l e c t e d  from J u l y  1983 t h r o u g h  
A ug u s t  1984 e x c e p t  f o r  November and December 1983 when c o m m e r c i a l  w h e l k  
c a t c h e s  w e r e  u n a v a i l a b l e  ( T a b l e  7 ) .  S a m p l e s  w e r e  o b t a i n e d  from t h e  
conch  d r e d g e ,  c r a b  d r e d g e ,  c r a b  p o t  and o t t e r  t r a w l  f i s h e r i e s  ( T a b l e  8 ) ,  
I n c i d e n t a l  s p e c i m e n s  w e r e  c o l l e c t e d  b y  h a n d  a n d  i n  t h e  p o u n d  n e t  
f i s h e r y .
One h a l f  b u s h e l  o f  w h e l k s  ( a p p r o x i m a t e l y  50 a n i m a l s )  were  c o l l e c t e d  
f rom one t o  a s  many a s  t h r e e  b o a t s  p e r  sample  d a t e .  T h e s e  50 s p e c i m e n  
s a m p l e s  w e r e  p r o v i d e d  by  t h e  b o a t  c a p t a i n s ,  and were  g e n e r a l l y  t h e  l a s t  
o f  t h e  c a t c h  t o  be  s h o v e l e d  i n t o  b a g s  f o r  t r a n s p o r t a t i o n  t o  t h e  b u y e r .  
Oneway ANOVA t e s t s  on  l e n g t h ,  w i d t h  and w e i g h t  means by s e x  and s p e c i e s  
were  r u n  f o r  a l l  s a m p l e s  c o l l e c t e d  p e r  s a m p l e  d a t e .  A l l  s t a t i s t i c s  
w e r e  t e s t e d  a t  t h e  95 p e r c e n t  p r o b a b i l i t y  l e v e l .  No s i g n i f i c a n t  
d i f f e r e n c e s  w e r e  d e t e c t e d  f r o m  s a m p l e s  f r o m  a g i v e n  m o n t h  a n d  a l l  
s p e c i m e n s  p e r  m o n t h  w e r e  p o o l e d  by  s p e c i e s  a nd  s e x  f o r  a d d i t i o n a l  
a n a l y s e s .  S i g n i f i c a n t  d i f f e r e n c e s  d i d  o c c u r  b e tw e e n  s p e c i e s  and s e x e s .
A l l  w h e l k s  w e r e  c o l l e c t e d  w h i l e  a l i v e  a n d  k e p t  f r o z e n  a t  
a p p r o x i m a t e l y  -30°C  f o r  e a s e  i n  s h u c k i n g .  Samples  were  thawed o v e r n i g h t  
b e f o r e  m e a s u r e m e n t s  w e r e  t a k e n .  S p e c i e s  w e r e  i d e n t i f i e d  b y  g r o s s  
m o r p h o l o g i c a l  e x a m i n a t i o n  o f  t h e  s h e l l  s u r f a c e  a n d  d e t e r m i n a t i o n  o f  
s i n i s t r a l  o r  d e x t r a l  o r i e n t a t i o n .  S h e l l  l e n g t h  was m e a s u r e d  from t h e  
t i p  o f  t h e  s p i r e  t o  t h e  t i p  o f  t h e  s i p h o n a l  c a n a l .  S h e l l  w i d t h  was  
m e a s u r e d  d i r e c t l y  b e l o w  t h e  s h o u l d e r  s p i n e s  w i t h  t h e  a p e r t u r e  f a c i n g  
down.  S h e l l  l e n g t h  m e a s u r e m e n t s  were  t a k e n  t o  t h e  n e a r e s t  m i l l i m e t e r  
u s i n g  a  m e a s u r i n g  b o a r d  a n d  s h e l l  w i d t h ,  o p e r c u l a  l e n g t h  and o p e r c u l a
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w i d t h  were  m ea su red  by c a l i p e r s  t o  0 . 1  mra. T o t a l  w e i g h t  ( s h e l l ,  b o d y  
a n d  o p e r c u l u m )  , m e a t  w e i g h t  and f o o t  w e i g h t  were  m ea s u red  on  a M e t t l e r  
t o p  l o a d i n g  b a l a n c e .  S p e c i m e n s  w e r e  r e m o v e d  f r o m  t h e i r  s h e l l s  t o  
d e t e r m i n e  m ea t  w e i g h t  by t u g g i n g  on  t h e  m a n t l e  a l o n g  t h e  s i p h o n a l  c a n a l  
u n t i l  t h e  a n im a l  s l i p p e d  o u t  o f  t h e  s h e l l .  I f  t h i s  method d i d  n o t  f r e e  
t h e  b o d y ,  t h e  c l a w  end o f  a hammer was u s e d  t o  c r a c k  a  h o l e  i n  t h e  s h e l l  
so  t h a t  t h e  c o l l u m e l l a r  m u s c l e  a t t a c h m e n t  c o u l d  be  c u t .  T h i s  a t t a c k  was 
n e c e s s a r y  o n l y  w i t h  t h e  l a r g e s t  s p e c i m e n s .  Sex was d e t e r m i n e d  by t h e  
p r e s e n c e  o r  a b s e n c e  o f  a p e n i s ,  on t h e  r i g h t  s h o u l d e r  b e h i n d  t h e  h e a d  
f o r  r i g h t - h a n d e d  w h e lk s  and l e f t  s h o u l d e r  f o r  l e f t - h a n d e d  w h e l k s ,  a f t e r  
t h e  a n i m a l  was s h u c k e d .  F o o t  w e i ' g h t ,  o r  e d i b l e  m ea t  y i e l d ,  was m e a s u r e d  
a f t e r  s e p a r a t i n g  t h e  v i s c e r a  and d e f a c i n g  t h e  a n im a l  by  c u t t i n g  away t h e  
s i p h o n  a nd  e y e s t a l k s .  O p e r c u l a  w e i g h t s  w e r e  m e a s u r e d  o n  a d i g i t a l  
S a r t o r i u s  b a l a n c e .  Twelve h u n d r e d  and s i x t y  t h r e e  Busvcon  s p e c i m e n s  were  
a n a l y z e d •
C h i - s q u a r e  t e s t s  were  p e r f o r m e d  on e a c h  m o n th l y  sam p le  t o  d e t e r m i n e  
i f  s e x  r a t i o s  s i g n i f i c a n t l y  d i f f e r e d  f rom  1 : 1 .
F r e q u e n c y  d i s t r i b u t i o n s  were  d e t e r m i n e d  t o  examine  s e a s o n a l / m o n t h l y  
f l u c t u a t i o n s  i n  s h e l l  l e n g t h ,  s h e l l  w i d t h ,  t o t a l  w e i g h t ,  m e a t  w e i g h t ,  
f o o t  w e i g h t ,  o p e r c u l a  l e n g t h ,  o p e r c u l a  w i d t h ,  and o p e r c u l a  w e i g h t .
Model I  oneway a n a l y s e s  o f  v a r i a n c e  w i t h  a n  a. p o s t e r i o r i  S c h e f f e  
t e s t s  w e r e  p e r f o r m e d  on f e m a l e s  and m a l e s  s e p a r a t e l y  t o  exam ine  m o n th l y  
f l u c t u a t i o n s  i n  t h e s e  p a r a m e t e r s .
A n a l y s e s  o f  c o v a r i a n c e  w e r e  u s e d  t o  d e t e r m i n e  i f  d a t a  f o r  
r e g r e s s i o n s  o f  s h e l l  l e n g t h  a g a i n s t  s h e l l  w i d t h ,  t o t a l  w e i g h t  a g a i n s t  
m e a t  w e i g h t ,  s h e l l  l e n g t h  a g a i n s t  t o t a l  w e i g h t ,  and s h e l l  l e n g t h  a g a i n s t  
o p e r c u l a  l e n g t h  c o u l d  be  p o o l e d  f o r  f e m a l e s  and m a l e s .
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R e g r e s s i o n s  w e r e  c a l c u l a t e d  u s i n g  S P S S .  T e s t s  o f  r e g r e s s i o n  
c o e f f i c i e n t s  were  p e r f o r m e d  t o  t e s t  f o r  d i f f e r e n c e s  b e tw e e n  f e m a l e s  a n d  
m a l e s  •
A n a l y s e s  o f  e d i b l e  m ea t  y i e l d s  ( f o o t  w e i g h t / t o t a l  w e i g h t )  u s e d  a n  
a r c s i n  t r a n s f o r m a t i o n  o f  d a t a  f o r  p a i r e d  t - t e s t  a n a l y s e s  w i t h  an a  
p o s t e r i o r i  S c h e f f e  t e s t .  The S c h e f f e  t e s t  was c h o s e n  f o r  a p o s  t e r  i o r  i  
a n a l y s e s  f o r  i t s  c o n s e r v a t i v e  n a t u r e ,  a s  s am ple  s i z e s  v a r i e d  w i d e l y .
Results
BDSYCQH C M IC 4
Sex Ratios C h i - s q u a r e  t e s t s  s h o w e d  t h a t  f e m a l e s  s i g n i f i c a n t l y  
o u t n u m b e r e d  m a l e s  f o r  s a m p l e d  m onths  b e tw e e n  J u l y  1983 and J u l y  1 9 8 4 ,  
e x c e p t  f o r  A ug u s t  and S e p tem be r  1983 ( T a b l e  9 ) .  The re  were few m a l e s  i n  
O c t o b e r  1983 ( n = l )  and J u n e  and J u l y  1984 ( n = 2 ) .
Morphometries F r e q u e n c y  d i s t r i b u t i o n s  showed t h a t  f e m a l e s  a n a l y z e d
i n  t h i s  s t u d y  h a d  w i d e r  s i z e  r a n g e s  t h a n  m a l e s  ( F i g u r e s  8 -  1 5 ) .  
S t u d e n t ' s  t - t e s t s  showed t h a t  f e m a l e  and m a l e  g.. c a r i c a  s i g n i f i c a n t l y  
d i f f e r e d  f o r  a l l  p a r a m e t e r s  t e s t e d  i n d i c a t i n g  t h a t  f e m a l e s  and m a l e s  
were  m o r p h o m e t r i c a l l y  d i f f e r e n t ,  w i t h  f e m a l e s  h a v i n g  g r e a t e r  m ean  s i z e s  
t h a n  m a l e s  ( T a b l e  1 0 ) .  M e a n s  a n d  s t a n d a r d  d e v i a t i o n s  f o r  t h e s e  
p a r a m e t e r s  were  c a l c u l a t e d  by month  ( T a b l e  1 1 ) .  O v e r a l l ,  J u l y  1983  h a d  
t h e  l o w e s t  m ean  v a l u e  f o r  a l l  p a r a m e t e r s  t e s t e d  f o r  e a c h  s e x ,  w h i l e  
O c t o b e r  1 9 8 3  a n d  J u n e  1 9 8 4  h a d  s i g n i f i c a n t l y  h i g h e r  v a l u e s .  
M o r p h o m e t r i e s  w i l l  be  d i s c u s s e d  i n  more d e t a i l  l a t e r .
M s m t i l l y - S i g e  P jg . t r i lL U t . i Q n S  The m o n t h l y  s h e l l  l e n g t h  f r e q u e n c y  
d i s t r i b u t i o n  f o r  g.. c a r i c a  i n d i c a t e s  t h a t  s m a l l  m a l e s  (<80 mm) d i d  n o t  
o c c u r  i n  t h e  V i r g i n i a  c o m m e rc i a l  f i s h e r y .  M a l e s  r e m a i n e d  a t  a f a i r l y  
c o n s t a n t  s i z e  b e t w e e n  1 20 -160  mm and peaked  i n  t h e  l a t e  summer m o n th s ,  
A ugus t  and Se p tem be r  19 8 3 ,  when se x  r a t i o s  were a p p r o x i m a t e l y  1 : 1  a s  a 
p e r c e n t a g e  o f  t h e  c a t c h .  The m o n t h l y  f e m a l e  s h e l l  l e n g t h  f r e q u e n c y  
d i s t r i b u t i o n  i n d i c a t e s  t h a t  f e m a l e s  l e s s  t h a n  100  mm d i d  n o t  o c c u r  i n  
t h e  c o n c h  d r e d g e  f i s h e r y .  L a r g e  f e m a l e s  ( > 2 0 0  mm) o c c u r r e d  i n  t h e  
f i s h e r y  i n  O c t o b e r  1 9 8 3 ,  J u n e  and J u l y  1 9 8 4 ,  t h e  t h r e e  months  o f  l o w e s t  
male  f r e q u e n c i e s .
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The m ale  m ea t  w e i g h t  h i s t o g r a m  s h o w s  a p a t t e r n  s i m i l a r  t o  s h e l l  
l e n g t h ,  w i t h  s m a l l e r  m a l e s  p r e s e n t  f rom  J u l y  1983 t o  March 1984* Males  
w i t h  h i g h e r  w e i g h t s  (>100  g)  b e g a n  t o  e n t e r  t h e  f i s h e r y  i n  S e p t e m b e r  
1983  ; m a l e s  g r e a t e r  t h a n  200  g a p p e a r e d  i n  J u l y  1 9 8 4 .  Sm all  f e m a l e s  
(<40  g)  d i d  n o t  a p p e a r  i n  t h e  c o m m e r c i a l  f i s h e r y .  F e m a l e s  5 0 - 1 5 0  g 
d o m i n a t e d  t h e  J u l y ,  A u g u s t ,  S e p t e m b e r  1983  a n d  J a n u a r y  1 9 8 4  c a t c h .  
L a r g e r  f e m a l e s  (>200 g)  a p p e a r e d  i n  O c t o b e r  1983  , F e b r u a r y ,  M a rc h  a n d  
Ju n e  1984 .  F e m a le s  g r e a t e r  t h a n  400 g a p p e a r e d  i n  J u l y  1984 .
Regressions R e g r e s s i o n  a n a l y s e s  r e v e a l e d  s i g n i f i c a n t  d i f f e r e n c e s  f o r  
o n l y  s h e l l  w i d t h  on s h e l l  l e n g t h  b e t w e e n  t h e  s e x e s  ( F i g u r e s  1 6 - 1 9 ) .  A 
summary o f  t h e  r e s u l t s  o f  r e g r e s s i o n  a n a l y s e s  a r e  l i s t e d  i n  T a b l e  1 2 .  
EdiMft. Meat .(loot).-Yield T h e  r e l a t i o n s h i p  b e t w e e n  f e m a l e  a n d  m a l e  
r e g r e s s i o n  l i n e s  o f  e d i b l e  m ea t  y i e l d  (EMY) o r  f o o t  w e i g h t  o n t o  t o t a l  
w e i g h t  shows  t h a t  f e m a l e s  g e n e r a l l y  p r o d u c e  more e d i b l e  m ea t  y i e l d  t h a n  
do m a le s  ( F i g u r e  2 0 ) .  F o o t  w e i g h t s  a s  a p e r c e n t a g e  o f  t o t a l  w e i g h t  were 
a l s o  examined  f o r  e a c h  sex  m ea t  y i e l d .  A m o n th l y  y i e l d  o f  15 p e r c e n t  o r  
g r e a t e r  was  d e t e r m i n e d  t h r o u g h o u t  t h e  s a m p l i n g  p e r i o d  ( F i g u r e  2 1 ) .  
P a i r e d  t - t e s t s  w i t h  a n  SL p o s t e r i o r i  S c h e f f e  t e s t  o f  EMY showed t h a t  
Sep tem ber  and O c t o b e r  1984 were  s i g i n i f i c a n t l y  d i f f e r e n t  f rom a l l  o t h e r  
m o n t h s •
SUS2GQK
Sex r a t i o  C h i - s q u a r e  t e s t s  s h o w e d  t h a t  f e m a l e s  s i g n i f i c a n t l y  
o u tnum be red  m a l e s  i n  O c t o b e r  1983 and J u l y  and A u g u s t  1 9 8 4  ( T a b l e  1 3 ) .  
No d i f f e r e n c e s  o c c u r r e d  f o r  t h e  two r e m a i n i n g  m on th s  s a m p l e d ,  A p r i l  and 
May 1984 .
Morphometrics F r e q u e n c y  d i s t r i b u t i o n s  showed t h a t  f e m a l e s  a n a l y z e d  i n  
t h i s  s t u d y  had w i d e r  s i z e  r a n g e s  t h a n  m a l e s  ( F i g u r e s  22 -  2 9 ) .  T - t e s t s
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r e s u l t s  i n d i c a t e d  t h a t  f e m a l e s  and m a l e s  s i g n i f i c a n t l y  d i f f e r e d  f o r  o n l y  
s h e l l  l e n g t h  and s h e l l  w i d t h  o f  t h e  e i g h t  p a r a m e t e r s  t e s t e d  ( T a b l e  1 4 ) .  
M ode l  I  o n e w a y  a n a l y s i s  o f  v a r i a n c e  showed  t h a t  J a n u a r y  1984 had t h e  
l o w e s t  m ean  v a l u e  f o r  a l l  p a r a m e t e r s  t e s t e d  f o r  c a n a l i c u l a t u m
f e m a l e s ;  J u l y  1984 had t h e  h i g h e s t  v a l u e s .  O c t o b e r  1983 had t h e  l o w e s t  
v a l u e ,  and Ju n e  1984 had t h e  h i g h e s t  v a l u e ,  f o r  a l l  p a r a m e t e r s  a n a l y z e d  
f o r  CLaaalisul.a tumjma 1 e s  ( T a b l e  1 5 ) .
Monthly Sise D istributions M onth ly  s h e l l  l e n g t h  f r e q u e n c y  d i s t r i b u t i o n  
f o r  B .  c a n a l i c u l a t u m  i n d i c a t e s  t h a t  few m a le s  l e s s  t h a n  100 mm o c c u r r e d  
i n  t h e  V i r g i n i a  c o m m e r c i a l  f i s h e r i e s  ( F i g u r e  2 2 ) .  M a l e s  w e r e  o f  a 
f a i r l y  s t e a d y  s i z e  d i s t r i b u t i o n  o f  b e t w e e n  8 0 - 1 8 0  mm. The  m o n th l y  
f e m a le  s h e l l  l e n g t h  f r e q u e n c y  d i s t r i b u t i o n  i n d i c a t e d  t h a t  s m a l l  f e m a l e s  
(<100  mm) and l a r g e  f e m a l e s  ( > 2 00mm) d i d  n o t  o c c u r  i n  t h e  V i r g i n i a  conch 
f i s h e r i e s  •
The  m a l e  m e a t  w e i g h t  h i s t o g r a m  s h o w s  a p a t t e r n  s i m i l a r  t o  s h e l l  
l e n g t h ,  w i t h  s m a l l e r  m a l e s  ( 7 0 - 1 7 0  g)  p r e s e n t  i n  O c t o b e r  1983 a n d  A p r i l  
1 9 8 4  ( F i g u r e  2 5 ) .  L a r g e r  m a l e s  ( 1 3 0 - 1 8 0  g) o c c u r r e d  i n  May, J u l y  and 
A ugus t  19 8 4 .  Sm a l l  f e m a l e s  (<100 g)  d i d  n o t  a p p e a r  i n  t h e  c o m m e r c i a l  
f i s h e r y .  F e m a le s  i n  t h e  2 0 0 - 4 0 0  g r a n g e  d o m in a t e d  t h e  O c t o b e r  1983 and 
A p r i l  and May 1984 c a t c h .  L a r g e r  f e m a l e s  ( 4 0 0 - 8 0 0  g)  a p p e a r e d  i n  A p r i l ,  
May, J u l y  and A ug u s t  1 9 8 4 ,  b u t  w i t h  f r e q u e n c i e s  o f  o n l y  one o r  tw o .  The 
l a r g e s t  f e m a l e s  ( 1 8 0 - 2 1 0  g)  o c c u r r e d  i n  J u l y  1984 .
R egressions A n a l y s e s  o f  c o v a r i a n c e  r e v e a l e d  s i g n i f i c a n t  d i f f e r e n c e s  
b e tw e e n  t h e  s e x e s  so  t h a t  d a t a  f o r  t h e  s e x e s  c o u l d  n o t  b e  p o o l e d .  A 
sum m a ry  o f  c o m p a r i s o n s  b e t w e e n  f e m a l e  a n d  m ale  f u n c t i o n a l  r e g r e s s i o n  
l i n e s  a r e  l i s t e d  i n  T a b l e  1 2 .
E dible Meat (F oot) Y ie ld  The r e g r e s s i o n  r e l a t i o n s h i p  o f  f o o t  w e i g h t  
o n t o  t o t a l  w e i g h t  b e t w e e n  f e m a l e  a n d  m a l e  r e g r e s s i o n  l i n e s  s h o w s  no
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s i g n i f i c a n t  d i f f e r e n c e s  o c c u r r e d  b e t w e e n  t h e  s e x e s  ( F i g u r e  3 5 ) .  A y i e l d  
o f  25 p e r c e n t  o r  g r e a t e r  was d e t e r m i n e d  t h r o u g h o u t  t h e  s a m p l i n g  p e r i o d  
( F i g u r e  3 6 ) .
BVSYCPfl PQPTMEIttM
Sex ra tio s C h i - s q u a r e  t e s t s  s h o w e d  t h a t  f e m a l e s  s i g n i f i c a n t l y  
o u t n u m b e r e d  m a l e s  i n  A p r i l ,  May a n d  J u n e  1 9 8 4 ,  b u t  n o t  i n  J u l y  a nd  
A u g u s t  1 9 8 4  ( T a b l e  1 6 ) .  Due t o  t h e  s c a r c i t y  o f  B. c o n t r a r i u m  conch  b y -  
c a t c h  i n  t h i s  f i s h e r y  a l l  s a m p l e s  s i z e s ,  c u m u l a t i v e  f o r  b o t h  s e x e s ,  were  
u n d e r  t h i r t y  i n d i v i d u a l s .
Morphometries F r e q u e n c y  d i s t r i b u t i o n s  showed t h a t  f e m a l e s  a n a l y z e d  i n  
t h i s  s t u d y  h a d  w i d e r  s i z e  r a n g e s  t h a n  m a l e s  and s i g n i f i c a n t l y  d i f f e r e d  
f o r  a l l  e i g h t  p a r a m e t e r s  t e s t e d  u s i n g  t - t e s t s  ( T a b l e  1 7 ;  F i g u r e s  36 -  
4 3 ) .  M ode l  I  o n e w a y  a n a l y s i s  o f  v a r i a n c e  showed t h a t  no d i f f e r e n c e s  
o c c u r r e d  f o r  any p a r a m e t e r s  f o r  f e m a l e  o r  m a l e  B.  q o n t r a r i u m  t e s t e d  
s e p a r a t e l y .
Monthly Size D istributions T h e  m o n t h l y  s h e l l  l e n g t h  f r e q u e n c y  
d i s t r i b u t i o n  f o r  B. c o n t r a r i u m  i n d i c a t e s  t h a t  s m a l l  m a l e s  (<140 mm) d i d  
n o t  o c c u r  i n  t h e  s u r f  c lam  f i s h e r y  b y c a t c h  ( T a b l e  1 8 ) .  Males  w e r e  o f  a 
f a i r l y  s t e a d y  s i z e  d i s t r i b u t i o n  o f  b e t w e e n  140-210  mm. Males  were  l e s s  
f r e q u e n t  t h a n  f e m a l e s  t h r o u g h o u t  s a m p l i n g .  M onth ly f e m a l e  s h e l l  l e n g t h  
f r e q u e n c i e s  i n d i c a t e d  t h a t  s m a l l  f e m a l e s  (<120 mm) a l s o  d i d  n o t  o c c u r  i n  
t h e  f i s h e r y .  L a rg e  f e m a l e s  (>250  mm) o c c u r r e d  i n  t h e  f i s h e r y  o n  e v e r y  
s a m p l i n g  d a t e .  S a m p l e  s i z e s  w e r e  l e s s  s m a l l  ( <  3 0 ) ;  t h e r e f o r e ,  a 
r e l i a b l e  d e s c r i p t i o n  o f  B. c o n t r a r i u m  s i z e  f r e q u e n c i e s  was n o t  a t t a i n e d .
M o n t h l y  s i z e  f r e q u e n c i e s  f o r  B.  c o n t r a r i u m  show a s i g i n i f i c a n t  
d i f f e r e n c e  b e t w e e n  f e m a l e  a n d  m a l e  s h e l l  l e n g t h .  M a le  s h e l l  l e n g t h  
f r e q u e n c i e s  r a n g e d  b e t w e e n  14 a n d  20  mm. F e m a l e  s h e l l  l e n g t h  
f r e q u e n c i e s  r a n g e d  g e n e r a l l y  b e t w e e n  20 and  26 mm. T h i s  p a t t e r n
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o c c u r r e d  t h r o u g h o u t  t h e  s a m p l in g  p e r i o d ,  a l t h o u g h  A ugus t  1984 c o n t a i n e d  
two f e m a le  s p e c i m e n s  one e a c h  a t  12 and 13 mm.
H o s t  m a l e s  o c c u r r e d  b e t w e e n  15 0 -3 0 0  g m ea t  w e i g h t  r a n g e  t h r o u g h o u t  
t h e  s a m p l i n g  p e r i o d  ( T a b l e  1 8 ) .  S m a l l  f e m a l e s  (<200 g)  d i d  n o t  o c c u r  i n  
t h e  c o m m e r c i a l  f i s h e r y .  M o s t  f e m a l e s  o c c u r r e d  i n  t h e  3 0 0 - 5 0 0  g m ea t  
w e i g h t  r a n g e .  F e m a le s  i n  e x c e s s  o f  200 g a p p e a r e d  i n  A p r i l  a n d  A u g u s t  
1 984 .
R egressions A n a l y s e s  o f  c o v a r i a n c e  r e v e a l e d  t h a t  no s i g n i f i c a n t  
d i f f e r e n c e s  o c c u r r e d  b e t w e e n  t h e  s e x e s .  A summary o f  c o m p a r i s o n s  b e t w e e n  
f e m a le  and m ale  f u n c t i o n a l  r e g r e s s i o n  l i n e s  a r e  l i s t e d  i n  T a b l e  1 2 .  
E d ib le Kent (F oot) Y ield  The r e l a t i o n s h i p  o f  f o o t  w e i g h t  o n t o  t o t a l  
w e i g h t  was d e m o n s t r a t e d  ( F i g u r e  4 8 ) .  The r e l a t i o n s h i p  b e t w e e n  f e m a l e  
a n d  m a l e  r e g r e s s i o n  l i n e s  shows t h a t  f o o t  w e i g h t  c o r r e l a t e s  w i t h  t o t a l  
w e i g h t  e q u a l l y  b e t w e e n  t h e  s e x e s .
F o o t  w e i g h t  a s  a p e r c e n t a g e  o f  t o t a l  w e i g h t  were examined  f o r  e a c h  
s e x .  A y i e l d  o f  20 p e r c e n t  o r  g r e a t e r  was  d e t e r m i n e d  t h r o u g h o u t  t h e  
s a m p l i n g  p e r i o d  ( F i g u r e  4 9 ) .  M a l e s  y i e l d e d  a h i g h e r  b u t  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  p e r c e n t a g e  o f  e d i b l e  p r o d u c t  t h a n  f e m a l e s .
D i s c u s s i o n
Management Concftr.na.
The e x c e p t i o n a l l y  h i g h  c a t c h e s  o f  conch  i n  1974 and 1975 t o g e t h e r  
w i t h  i n c r e a s i n g  i n t e r e s t  i n  u n d e r u t i l i z e d  s p e c i e s  i n  t h e  e a r l y  1 9 8 0 ' s  
and  t h e i r  s l o w  g r o w t h  r a t e  l e d  t o  s c i e n t i f i c  i n t e r e s t  i n  t h e  b a s i c  
b i o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e s e  s p e c i e s .  P r e l i m i n a r y  w o r k  o n  
h a t c h i n g  and  g r o w th  r a t e s  o f  c a r i c a  was p e r f o r m e d  i n  t h e  l a t e  1 9 7 0 ' s  
by K r a u e t e r  and C a s t a g n a  ( 1 9 7 9 ) .  The  i n v e s t i g a t o r s  made  p o p u l a t i o n  
e s t i m a t e s  f o r  o n e  b a r r i e r  i s l a n d ,  Cedar  I s l a n d ,  o f  b e t w e e n  1 9 ,0 0 0  and
2 5 ,0 0 0  i n d i v i d u a l s .  The V i r g i n i a  M a r ine  R e s o u r c e s  Com miss ion (VMRC), t h e  
s t a t e  a g e n c y  w i t h  r e g u l a t o r y  a u t h o r i t y  o f  t h e  C om m o n w e a l th ' s  m a r i n e  
f i s h e r i e s  p a s s e d  R e g u l a t i o n  XX, P e r t a i n i n g  t o  t h e  T a k i n g  o f  C o n c h s  i n  
19 7 9 .  R e g u l a t i o n  XX d e s i g n a t e d  c o m m e rc i a l  f i s h i n g  a r e a s  f o r  c o n c h s  w i t h  
s e a s o n a l  and g e a r  t y p e  r e s t r i c t i o n s  ( F i g u r e  2 ) .  VMRC was  c o n t a c t e d  i n  
1 9 8 0  b y  a m a j o r  c o n c h  b u y e r  a nd  two c o n c h  f i s h e r m e n  t o  r e q u e s t  a n  
e x t e n s i o n  o f  t h e  s e a s o n  f o r  A re a  4 by one month and b o u n d a r y  c h a n g e s  f o r  
A r e a s  2 a n d  4 .  R e g u l a t i o n  XX w a s  a c c o r d i n g l y  a m e n d e d  i n  1 9 8 1 .  
R e g u l a t i o n  XX was amended i n  S e p tem b e r  1986 t o  e x t e n d  t h e  conch  d r e d g i n g  
s e a s o n  i n  A r e a s  2 and 4 by one m o n t h ,  t h r o u g h  O c t o b e r  1986 .
VMRC s t a f f  a l s o  b e g a n  t o  n o t i c e  i n c r e a s e d  e x p l o i t a t i o n  a n d  
i n t e r e s t  i n  V i r g i n i a ' s  c o n c h  f i s h e r y  t h r o u g h  l a n d i n g s  i n f o r m a t i o n  and 
i n q u i r i e s  t o  f i e l d  o f f i c e  p e r s o n n e l .  I n  a n  a t t e m p t  t o  q u a n t i f y  
l a n d i n g s ,  VMRC s t a f f  s o u g h t  t o  amend S e c t i o n  2 8 . 1 - 1 1 9 . 1  o f  t h e  Code o f  
V i r g i n i a  w h ich  d o e s  n o t  r e q u i r e  conch  b u y e r s  t o  o b t a i n  a s e a f o o d  b u y e r ' s  
l i c e n s e .  T h i s  o m m i s s i o n  a l s o  o c c u r s  f o r  b u y e r s  o f  l o b s t e r s  a nd  
h o r s e s h o e  c r a b s .  VMRC p l a n s  t o  o f f e r  a  l e g i s l a t i v e  amendment i n  1987 t o  
r e q u i r e  a l l  s e a f o o d  b u y e r s  t o  p u r c h a s e  a VMRC l i c e n s e .
33
34
The t r u e  e x t e n t  o f  t h e  p a s t ,  p r e s e n t  and p o t e n t i a l  a n n u a l  h a r v e s t  
o f  Busvcon i s  u n k n o w n  b e c a u s e  a s u b s t a n t i a l  volume o f  w h e lk s  a r e  s o l d  
d i r e c t l y  t o  s m a l l  volume r e t a i l e r s  a nd  o n e  b i g  v o l u m e  w h o l e s a l e r  a n d  
s h i p p e r  who d o  n o t  c o n s i s t e n t l y  k e e p  o r  r e p o r t  q u a n t i t y  o r  v a l u e  
hand l e d .
I n  1983  VMRC s t a f f  p r o p o s e d  t o  i n i t i a t e  c o n c h  f i s h e r y  r e c o r d ­
k e e p i n g  b y :  1)  i m p l e m e n t i n g  d a i l y  l o g book  r e q u i r e m e n t s  o f  a l l  l i c e n s e d  
c o n c h  f i s h e r m e n  i n  J a n u a r y  1 9 8 4  w h e r e b y  I  would c o l l e c t  and q u a n t i f y  
t h i s  i n f o r m a t i o n  t o  d e t e r m i n e  c a t c h - p e r - u n i t - e f f o r t ; 2 )  i m p l e m e n t i n g  a 
d a i l y  l o g b o o k  f o r  c r a b  d r e d g e r s  f o r  t h e  c o l l e c t i o n  o f  d a i l y  c r a b  
l a n d i n g s ,  a s  s p e c i f i e d  by  R e g u l a t i o n  X I I  w h ich  w ou ld  i n c l u d e  a r e q u e s t  
f o r  b y - c a t c h  l a n d i n g s  f o r  V i r g i n i a  f i s h e r m e n  s e l l i n g  t o  u n l i c e n s e d  
b u y e r s  and n o n - r e s i d e n t  l i c e n s e d  b u y e r s ;  a nd  3 )  c o l l e c t i n g  h i s t o r i c a l  
c o n c h  c a t c h  d a t a  f rom t h e  one w h o l e s a l e r *  U n f o r t u n a t e l y ,  none o f  t h e s e  
o b j e c t i v e s  were  a t t a i n e d  due  t o  t h e  low management  p r i o r i t y  g i v e n  t h i s  
s p e c i e s  by VMRC.
I n  an  a t t e m p t  t o  p r o v i d e  b a s i c  b i o l o g i c a l  i n f o r m a t i o n  on t h e  t h r e e  
B u s v c o n  s p e c i e s  l a n d e d  i n - V i r g i n i a ' s  c o m m e rc i a l  f i s h e r i e s ,  a s a m p l in g  
p r o g r a m  was  u n d e r t a k e n .  M o s t  o f  t h e  s a m p l i n g  was  d i r e c t e d  a t  t h e  
C h e s a p e a k e  Bay c o n c h  d r e d g e  f i s h e r y  f o r  g.. c a r i c a  a s  i t  c o n t r i b u t e s  
n e a r l y  75 p e r c e n t  o f  c u r r e n t  V i r g i n i a  conch  l a n d i n g s .
D i s c u s s i o n  o f  d o c k s i d e  s a m p l i n g  r e s u l t s  w i l l  f o c u s  p r i m a r i l y  on 
&• c a r i c a . The s m a l l  s am ple  s i z e s  o f  &. c a n a l i c u l a t u m  and B. CQflkLaxiua. 
a n a l y z e d  i n  t h i s  s t u d y  p r e c l u d e  a n a l y s i s  r e l a t e d  t o  s e a s o n a l  s i z e  
c h a n g e s ,  m o v e m e n t  o r  r e p r o d u c t i o n ,  b u t  d o  i n d i c a t e  s e x  a n d  s i z e  
f r e q u e n c i e s  i n  t h e  b y c a t c h  o f  d i f f e r e n t  c o m m e rc i a l  f i s h e r i e s .
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S i z e  F r e q u e n c i e s  An i n c r e a s e  o r  d e c r e a s e  i n  s i z e  o v e r  t h e  s a m p l i n g  
p e r i o d  i s  n o t  e v i d e n t  f o r  f e m a l e  o r  m ale  S.. c a r i c a . a s  m ig h t  have  b e e n  
e x p e c t e d  due  t o  g r o w t h  o r  f i s h i n g  p r e s s u r e .  M on th ly  m e a n s  d o ,  h o w e v e r ,  
i n c r e a s e  and d e c r e a s e .
P r e l i m i n a r y  e x a m i n a t i o n  o f  co n c h  c a t c h e s  i n d i c a t e d  t h a t  o v e r f i s h i n g  
m ig h t  s e r i o u s l y  d e p l e t e  t h e  r e s o u r c e  by e l i m i n a t i n g  t h e  f e m a l e s  f rom t h e  
p o p u l a t i o n .  A d d i t i o n a l l y ,  t h e  l o c a t i o n  o f  m a l e s  a nd  j u v e n i l e s  o u t s i d e  
o f  t h e  c o m m e r c i a l  f i s h i n g  g r o u n d s  i s  u n k n o w n .  The r e s o u r c e  c o u l d  be 
e a s i l y  d e p l e t e d  by a m o d e r a t e ,  y e t  c o n s t a n t  f i s h i n g  e f f o r t  g i v e n  t h e  s e x  
c o m p o s i t i o n  o f  t h e  c a t c h  a n d  s l o w  g r o w t h  r a t e s .  No e v i d e n c e  o f  
o v e r f i s h i n g  o f  t h e  c o m m e r c i a l l y  h a r v e s t a b l e  p o r t i o n  o f  t h e  p o p u l a t i o n  
o c c u r r e d  b a s e d  upon  m e a s u r e m e n t s  f rom  t h i s  s t u d y .
The l a c k  o f  t r e n d  f o r  s h e l l  l e n g t h s ,  s h e l l  w i d t h s  o r  t o t a l ,  m e a t  o r  
f o o t  w e i g h t s  may i n d i c a t e  t h a t  JL* c a r i c a  i s  v e r y  m o b i l e  on and o f f  t h e  
c o m m e rc i a l  f i s h i n g  g r o u n d s .  A mark and r e c a p t u r e  r a t e  o f  f o u r  p e r c e n t  
f o r  B.  c a r i c a  was r e p o r t e d  by K r a e u t e r  and C a s t a g n a  ( u n p u b .  d a t a )  f o r  a 
V i r g i n i a  b a r r i e r  i s l a n d  p o p u l a t i o n .  Low t a g  r e t u r n s  were  a l s o  r e p o r t e d  
f o r  G e o r g i a . a n d  S o u t h  C a r o l i n a  B.  c a r i c a  p o p u l a t i o n s  ( W a l k e r ,  1982;  
E d w a r d s ,  1985;  A n d e r s o n  e t  a l ;  1 9 8 5 ) .  Low m o v e m e n t ,  b e t w e e n  12 a nd  
1 8 m / d a y ,  and  low r e c a p t u r e  r a t e s  a r e  a l s o  r e p o r t e d  f o r  B. c a n a l i c u l a t u m  
( M a g a l h a e s ,  1948;  M e n z e l  a n d  N i c h y ,  1 9 5 8 ;  S i s s o n ,  1 9 7 2 ;  Wood , 1 9 7 9 ;  
LILCO; 1 9 8 2 ) .
K r a e u t e r  a n d  C a s t a g n a  ( u n p u b .  d a t a )  d e t e r m i n e d  a p o p u l a t i o n  
e s t i m a t e  o f  328 B. c a r i c a  f o r  Ceda r  I s l a n d ,  VA i n  1 9 7 7 /7 8  from 82 t a g g e d  
i n d i v i d u a l s .  T h i s  e s t i m a t e  was t h o u g h t  t o  be  a r t i f i c i a l l y  low b e c a u s e :  
1)  l o s s  o f  m a r k s  d e p r e s s e d  r e c a p t u r e  r a t e s ;  2 )  two  p o p u l a t i o n s  were  
u t i l i z i n g  t h e  f l a t s  a t  d i f f e r e n t  t i m e s ;  o r  3)  c o n t i n u o u s  l o s s  a n d
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r e p l a c e m e n t  o f  i n d i v i d u a l s  was  o c c u r r i n g .  The i n v e s t i g a t o r s  assumed 
t h a t  t h e  r e c a p t u r e  r a t e  s h o u l d  h a v e  b e e n  a b o u t  18 p e r c e n t  a n d  t h a t  
h a r v e s t i n g  r a t e s  o f  marked i n d i v i d u a l s  a p p r o a c h e d  21 p e r c e n t .  The Ceda r  
I s l a n d  p o p u l a t i o n  e s t i m a t e  was  r e v i s e d  t o  b e t w e e n  1 9 , 0 0 0  a nd  2 5 , 0 0 0  
i n d i v i d u a l s .  I t  was o b s e r v e d ,  h o w e v e r ,  t h a t  t h e  num bers  o f  w h e lk s  on t h e  
f l a t s  r e m a in e d  a b o u t  t h e  s a m e .  I f  21 p e r c e n t  o f  t h e  p o p u l a t i o n  was  
b e i n g  h a r v e s t e d ,  a p p r o x i m a t e l y  5 , 0 0 0  i n d i v i d u a l s ,  a r a p i d  r a t e  o f  
t u r n o v e r  was o c c u r r i n g .
A s i g n i f i c a n t  i n c r e a s e  i n  m o n th l y  means d i d  n o t  o c c u r  f o r  B. c a r i c a  
o v e r  t h e  t e n  m onths  s a m p l e d ,  f o r  g.. c a n a l i c u l a t u m  o v e r  f i v e  m o n t h s  o r  
f o r  B. c o n t r a r i u m  o v e r  f o u r  month's s a m p l e d .  Lack o f  g r o w th  may i n d i c a t e  
t h e  l i m i t e d  s i z e  r a n g e  s a m p l e d ,  b u t  i t  i s  a l s o  p o s s i b l e  t h a t  movement  on 
a n d  o f f  f i s h i n g  g r o u n d s  a c c o u n t s  f o r  t h e  l a c k  o f  a s t a b l e  s a m p l e d  
c o m m e rc i a l  p o p u l a t i o n .
Reproduction R e p r o d u c t i v e  p e r i o d i c i t y  may be i n d i c a t e d  by t h e  m o n th l y  
f l u c t u a t i o n s  i n  b o d y  w e i g h t  i n  s a m p l e d  B u s v c o n . I n c r e a s e d  EMY i n  
S e p t e m b e r  a n d  O c t o b e r  1 9 8 3  f o r  B .  c a r i c a  i n d i c a t e s  r e d u c t i o n  i n  
p e r c e n t a g e  o f  gonad w e i g h t  t o  t o t a l  w e i g h t  due  t o  egg l a y i n g .  K r a e u t e r  
a n d  C a s t a g n a  ( u n p u b .  d a t a )  r e p o r t e d  t h a t  e g g - s t r i n g  l a y i n g  was o b s e r v e d  
i n  V i r g i n i a  f rom Se p tem b e r  t o  November;  h a t c h i n g  was o b s e r v e d  from March 
t o  A p r i l .  S i z e  f r e q u e n c i e s  f rom t h i s  s t u d y  i n d i c a t e  t h a t  e g g - l a y i n g  may 
have  o c c u r r e d  i n  O c t o b e r  1983 and J u n e - J u l y  19 8 4 .
Sex R atios One a s p e c t  o f  t h e  r e p r o d u c t i v e  c a p a c i t y  o f  a b i s e x u a l  
s p e c i e s  i s  i t s  s e x  r a t i o .  A 1 : 1  s e x  r a t i o  r e s u l t s  f r o m  n a t u r a l  
s e l e c t i o n  i f  a n  e q u a l  amount  o f  p a r e n t a l  e n e r g y  i s  r e q u i r e d  t o  p r o d u c e  
o f f s p r i n g .  D i f f e r e n c e s  i n  s e x  r a t i o s  may be  c a u s e d  b y  d i f f e r e n t i a l
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s u r v i v a l  r a t e s ,  d i f f e r e n t i a l  g r o w th  r a t e s ,  d i f f e r e n t  m i g r a t i o n  p a t t e r n s , 
g r e a t e r  f e m a le  l o n g e v i t y  and g e a r  s e l c t i v i t y .
M a l e s  made  up  30 p e r c e n t  o f  t h e  B. c a r i c a  c o m m e rc i a l  l a n d i n g s ,  35 
p e r c e n t  o f  B.  c a n a l i c u l a t u m  and 39 p e r c e n t  o f  B. C Q .n t r a r im R  b y c a t c h e s .  
F i e l d  s a m p le s  c o l l e c t e d  by hand on Ceda r  I s l a n d ,  VA r e s u l t e d  i n  o n l y  6 . 9  
p e r c e n t  m a l e s  o f  350  i n d i v i d u a l s  c o l l e c t e d  ( K r a e u t e r  and  C a s t a g n a ,  
u n p u b l .  d a t a ) .  W e i n h e i m e r  ( 1 9 8 2 )  d e t e r m i n e d  t h a t  s e x  r a t i o s  had no 
i n f l u e n c e  on Busvcon  r e p r o d u c t i v e  c a p a c i t y .  High  v a l u e s  f o r  f e m a l e  a nd  
m a l e  r e p r o d u c t i v e  i n d i c e s  o c c u r r e d  w h e t h e r  f e m a l e s  w ere  more f r e q u e n t  
t h a n  m a l e s ,  were e q u a l  i n  numbers  w i t h  m a le s  o r  were  l e s s  f r e q u e n t  t h a n  
m a l e s •
When B.  c a r i c a  s e x  r a t i o s  r e t u r n e d  t o  1:1 i n  A u g u s t  a n d  S e p t e m b e r  
1983  , t h e  m a l e s  w e r e  s t i l l  s i g n i f i c a n t l y  s m a l l e r  i n  s i z e .  T h e r e f o r e ,  
p r e v i o u s  d e c r e a s e s  i n  r e l a t i v e  n u m b e r s  o f  m a l e s  may  b e  d u e  t o  a n  
i n c r e a s e  i n  m a l e  m o r t a l i t y .  D i f f e r e n t  g r o w th  r a t e s  may be r e s p o n s i b l e  
f o r  some o f  t h e  v a r i a t i o n s  sex  r a t i o s ,  b u t  t h i s  c o u l d  n o t  be  d e t e r m i n e d  
f r o m  d a t a  c o l l e c t e d  b y  t h i s  s t u d y .  W e in h e im e r  ( 1 9 8 2 )  s u g g e s t e d  t h a t  
f e m a l e  g r o w t h  r a t e s  w e r e  o f t e n  h i g h e r  t h a n  f o r  m a l e s .  A d d i t i o n a l  
e v i d e n c e  o f  e n c r u s t i n g  o r g a n i s m s  p r e s e n t  on  t h e  l a r g e s t  f e m a le  and male  
s h e l l s  a l s o  i n d i c a t e d  t h a t  t h e  age o f  t h e  l a r g e s t  s h e l l s  f o r  b o t h  s e x e s  
w e r e  a p p r o x i m a t e l y  e q u a l ,  a l t h o u g h  t h e  m ale  s h e l l s  were  s i g n i f i c a n t l y  
s m a l l e r •
I t  i s  p o s s i b l e  t h a t  i f  m a l e s  grow a t  a s l o w e r  r a t e  t h a n  f e m a l e s  a s  
s i z e  f r e q u e n c i e s  i n d i c a t e ,  n a t u r a l  m o r t a l i t y  f r o m  c a u s e s  s u c h  a s  
p r e d a t i o n  c o u l d  be  h i g h e r  f o r  m a l e s  t h a n  f o r  f e m a l e s  o f  t h e  same y e a r  
c l a s s .  Sex and s i z e  r a t i o s  m i g h t  s h i f t  to ward  more m a l e s ,  more f e m a l e s ,
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o r  r e m a i n  c o n s t a n t ,  d e p e n d i n g  on t h e  r em o v a l  r a t e s  o f  m a l e s  by h a r v e s t  
r e l a t i v e  t o  t h e  combined  m i g r a t i o n  and h a r v e s t  r a t e s  o f  f e m a l e s .
E dib le Meat (Foot) Weight The f o o t  i s  t h e  e d i b l e  p o r t i o n  o f  t h e  whe lk  
and i s  m a r k e t e d  c o m m e r c i a l l y .  E x p a n s i o n  o f  t h e  c o m m e r c i a l  f i s h e r y  may 
make a minimum s i z e  r e s t r i c t i o n  b e n e f i c i a l  t o  b o t h  t h e  f i s h e r m a n  and t h e  
f i s h e r y .  A t  p r e s e n t ,  h o w e v e r , t h e  r e  a r e  no  i n d i c a t i o n s  o f  o v e r  
e x p l o i t a t i o n  o f  t h e  c o m m e rc i a l  w he lk  p o p u l a t i o n .
The l a c k  o f  s m a l l  s p e c i m e n s  o f  a l l  t h r e e  B u s v c o n  s p e c i e s  i n  t h e  
s a m p l e d  c a t c h e s  p r e c l u d e s  d e t e r m i n a t i o n  o f  a m i n i m u m  s i z e  
r e c o m m e n d a t i o n .  S i z e  r a n g e s  may have  b e e n  t o o  n a r r o w ,  and s a m p l e  s i z e s  
may have  b e e n  t o o  s m a l l  f o r  &. c a n a l i c u l a t u m  and g.. CQntraii.UBI*
The m ea t  y i e l d  f o r  a 60 lb  (22  kg)  b u s h e l  o f  a v e r a g e  s i z e  w h e lk s  i s  
10 lb  ( 3 . 7  kg)  o r  s i x t e e n  p e r c e n t  and i s  t h e  a p p r o x i m a t e  y i e l d  n e c e s s a r y  
t o  make a p r o f i t .  Y i e l d s  d e t e r m i n e d  i n  t h i s  s t u d y  a p p r o a c h e d  t h i r t y  
p e r c e n t  b u t  c o u l d  i n c l u d e  s a m p l i n g  e r r o r .  The m in im um  s i z e  f o r  B. 
c a n a l  iculatum i n  R hode  I s l a n d  was  d e t e r m i n e d  t o  b e  1 6 3 g  f o r  maximum 
y i e l d / a n i m a l  ( S i s s o n ,  1 9 7 2 ) ,  and m e a t  y i e l d  d r o p p e d  o f f  q u i c k l y  be low  
t h i s  a v e r a g e  s h e l l  s i z e .
Mini  mum Si ?.i> L i t t l e  work h a s  b e e n  done  on minimum s i z e  a t  w h ich  w he lk s  
c a n  b e  c o m m e r c i a l l y  p r o c e s s e d  ( W o o d ,  1 9 7 9 ;  R i p p e n ,  1 9 7 2 ) .  W h e l k  
p r o c e s s o r s  g e n e r a l l y  a c c e p t  a n y  s i z e  c o n c h s  t o  e n s u r e  t h e i r  s u p p l y .  
Sou th  C a r o l i n a  h a s  e n f o r c e d  a  4 1 / 2  i n c h  m in imum  s i z e  l i m i t  on  t h e i r  
c o m m e r c i a l  conch  f i s h e r y  ( A n d e r s o n  e t .  a l ,  1 9 8 5 ) .  One i m p o r t a n t  a s p e c t  
o f  a f i s h e r i e s  management  s t r a t e g y  i s  t o  m aximize  t h e  y i e l d  p e r  r e c r u i t  
i n t o  a f i s h e r y .  A minimum s i z e  r e s t r i c t i o n  would a l s o  a l l o w  m ost  whe lk s  
t h e  o p p o r t u n i t y  t o  spawn b e f o r e  b e i n g  h a r v e s t e d .  R e c r u i t m e n t  t o  t h e  
f i s h e r y  s h o u l d  i n c r e a s e  s i n c e  m o r e  a n i m a l s  would  be a v a i l a b l e  t o  t h e  
co m m e rc i a l  f i s h e r y  f rom  t h a t  spawn.
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RECOMMENDATIONS FOR FUTURE RESEARCH
The n a t u r a l l y  o c c u r r i n g  p o p u l a t i o n s  o f  t h e s e  s p e c i e s  m u s t  b e  
s a m p l e d  t o  d e t e r m i n e  a v a i l a b i l i t y  and v u l n e r a b i l i t y  o f  j u v e n i l e s  t o  t h e  
c o m m e r c i a l  i n d u s t r y ,  a l o n g  w i t h  e s t i m a t e s  o f  EMY f r o m  t h e  e n t i r e  
p o p u l a t i o n  s i z e  r a n g e  b e f o r e  a m in imum  s i z e  r e s t r i c t i o n  c o u l d  be  
recommended .
1 • The e x t e n t  t o  w h ic h  w h e l k s  move i s  unknown.  I n s h o r e  p o p u l a t i o n s  
may become q u i t e  s e n s i t i v e  t o  an  i n c r e a s e  i n  f i s h i n g  e f f o r t  a b o v e  t h e  
c u r r e n t  l e v e l s  w i t h  l i t t l e  i n - m i g r a t i o n .  F u r t h e r  s t u d y  d e s i g n e d  t o  
i n v e s t i g a t e  b o t h  t h e  c o m m e r c i a l  f i s h e r y  a t  d o c k s i d e  a n d  t h e  n a t u r a l  
p o p u l a t i o n  would p r o v i d e  i m p o r t a n t  i n f o r m a t i o n  on p o p u l a t i o n  s t r u c t u r e ,  
movem ent ,  r e c r u i t m e n t  and t h e  r o l e  o f  w h e lk s  i n  b e n t h i c  c o m m u n i t i e s .
2 .  A t a g g i n g  s t u d y  i s  n e c e s s a r y  t o  i d e n t i f y  B. m i g r a t i o n  p a t t e r n s  
t o  u n d e r s t a n d  t h e  m o n t h l y / s e a s o n a l  v a r i a t i o n s  i n  p o p u l a t i o n  m o v e m e n t ,  
s e x  and s i z e  f r e q u e n c i e s  f o r  V i r g i n i a  p o p u l a t i o n s .
3 .  D e v e l o p i n g  a v a l i d  a g i n g  t e c h n i q u e  would p r o v i d e  i n f o r m a t i o n  on  
d i f f e r e n c e s  i n  g r o w th  r a t e s  b e tw e n  t h e  s e x e s ,  and among s p e c i e s ,  age  a t  
f i r s t  r e p r o d u c t i o n ,  age  a t  f i r s t  r e c r u i t m e n t  and d i f f e r e n t i a l  s u r v i v a l  
b e t w e e n  s e x e s .
4 .  A d d i t i o n a l  i n v e s t g a t i o n s  s h o u l d  i n c l u d e  B.  c a n a l i c u l a t u m  a nd  
S.. c o n t r a r i u m  a s  a s u b s t a n t i a l  p r o p o r t i o n  o f  whe lk  c a t c h  i s  d e p e n d e n t  on 
t h e  e f f o r t  expended  i n  o t h e r  c o m m e rc i a l  f i s h e r i e s .
MANAGEMENT RECOMMENDATIONS
5 .  VMRC s h o u l d  e n f o r c e  R e g u l a t i o n  XX t o  r e q u i r e  c o n c h  d r e d g e  
l i c e n s e  h o l d e r s  t o  r e p o r t  d a i l y  c a t c h  f o r  a t  l e a s t  o n e  s e a s o n  t o
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d e t e r m i n e  c a t c h  r a t e s .  C a t c h - p e r - u n i t - e f f o r t  
t a g g i n g  r e s u l t s ,  w o u l d  a l l o w  f o r  e s t i m a t i o n  
c o m m e rc i a l  f i s h e r y .
d a t a ,  i n  c o m b i n a t i o n  w i t h  
o f  f i s h i n g  p r e s s u r e  on  t h e
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Rhode I s l a n d .  I n h o u s e  F i n a l  R e p o r t .  1979;  53 p .  NMFS, F i s h .  Dev
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S e r v .  B r . ,  S t a t e  F i s h  P i e r ,  G l o u c e s t e r ,  MA. C o n t r a c t  No. 0 3 - 7 - 0 4 3 -  
3 5 1 6 2 .
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T a b l e  4 .  A ge  a n d  g r o w t h  d a t a  f o r  B u s y c o n  c a r i c a . a d a p t e d  f r o m  S i s s o n  
( 1 9 7 2 ) .
Age ( m o n t h s )  L e n g th  (mm)
B. c a r i c a * * B. c a r i c a * **
1 1 . 0  1 1 . 0
2 -  2 2 . 5
4 -  3 3 . 4
6 -  3 6 . 4
12 2 . 1 - 4 . 0  3 7 . 2
18 4 . 1 - 8 . 0
18 -2 4  8 . 1 - 1 6 . 0
2 4 - 3 0  1 6 . 1 - 3 2 . 0
>30 3 2 . 1 - 6 4 . 0
* d a t a  f rom M a g a lh a es  ( 1 9 4 8 )
** d a t a  f rom  K r a u e t e r  and C a s t a g n a  ( u n p u b l .  d a t a )
&Table 5. Commercial landings of B. carica. B. canaliculatum. and 
Strombus oioas.*
TOTAL VALUE PER # OF
YEAR________KG_______ VALUE__________KG______ STATES__________________
962 346,000 $ 86,669 $0.25 8
963** 495,009 $180,921 $0.59 8
964 305,700 $ 93,552 $0.31 8
965 288,200 $120,863 $0.42 8
966 571,200 $258,953 $0.45 8
967 368,800 $133,352 $0.36 8
968 362,100 $120,576 $0.33 8
969 448,200 $1921172 $0.43 8
970** 434,000 $211^084 $0.49 7
971 266,100 $142,674 $0.54 8
972** 350,800 $195,782 $0.56 8
973 432,100 $283,265 $0.66 9
g74** 821,800 $298,972 $0.36 8
975 849,500 ' $373,547 $0.44 10
976 566,000 $308,284 $0.54 9
977** 349,400 $330,167 ' $0.94 8
978** 655,700 $945,801 $1.44 10
979** 529,000 $783,106 $1.48 10
980** 241,600 $327,439 $1.36 8
981** 427,700 $366,519 $0.86 9
982** 499,700 $615,934 $1.23 9
983** 483,000 $791,759 $1.64 9
984** 644,300 $1,022,460 $1.59 8
*National Marine Fisheries Service Data Management and Statistics Division, 
personal communication; NMFS Commercial Landings Bulletins, 1962-1980.
Data from 1980 are incomplete, due to lack of reports from Connecticut and 
Delaware. Adapted from Weinheimer (1982).
**No S. oioas reported.
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T a b l e  6 ,  L a n d i n g s  (%) o f  B u s v c o n  s p e c i e s  r e p o r t e d  b y  g e a r  f r o m  m o n t h l y  
s a m p l e s  f r o m  J u l y  1 983  t o  A u g u s t  1984 f o r  i n s h o r e  and o f f s h o r e  
V i r g i n i a  w a t e r s .
L o c a t i o n b . c a r lo a .
%
B. o a n a lic u la fc w n
%....
B • sLOLl.rajr.ium
%
XnshotfiL
c r a b / c o n c h  d r e d g e  
(n=871)
99 .3 0 . 7 0 . 0
c r a b  p o t  
( n = l l 9)
1 .7 98 .3 0 . 0
pound n e t  
(n=2)
5 0 .0 5 0 .0 0 . 0
hand
(n=12)
6 6 .7 3 3 . 3 0 . 0
I n s h o r e  A ve ra ee 8 7 .3  . 1 2 .7 0 . 0
O f f s h o r e
o t t e r  t r a w l  
(n=75)
9 6 .0 2 . 7 1 .3
s u r f  c lam d r e d g e  
( n=229)
' 0 . 0 2 7 . 5 7 2 . 5
O f f s h o r e  A v e ra ee ... .. 2 3 . .6________ ..... __________ ................5 5 J L .  ...........
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T a b l e  7 .  Number o f Busycon  s p e c im e n s by s p e c i e s  by sample m on th .
Sample Da te* B. c a n a l i c u l a t u m S..
J u l y  1983 206
A u g u s t  1983 195
Sep tem ber  1983 93
O c t o b e r  1983 26 118
J a n u a r y  1984 97
F e b r u a r y  1984 88
March 1984 77
A p r i l  1984 17 30
May 1984 11 32
J une  1984 48 0 45
J u l y  1984 35 16 26
A ugus t  1984 19 25
T o t a l 865 181 158
*No November o r  December s a m p le s  t a k e n .
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T a b l e  8 .  Female  and m ale  B. c a r i c a  l a n d i n g s  by  g e a r  t y p e  f r o m  J u l y  1983  t o  J u l y  
1984 .
J u l y  1983
A ug u s t
Se p tem b e r
O c t o b e r
November
December
J a n u a r y  1984
F e b r u a r y
March
A p r i l
May
June
J u l y
A ug u s t
T o t a l
c r a b / c o n c h
d r e d g e
F  M
136 70
102 93
42 51
c r a b  p o t  pound n e t  o t t e r  t r a w l  hand
M F
1
no s a m p l e s  t a k e n  
no s a m p l e s  t a k e n  
72 25
62 26 
61 16
46 2
33 2
579 286 0 0
M
0
24
24
M F M 
8*
s u r f  c lam 
d r e d g e
F  M
8 0 0 0
*8 g.. c a r i c a  o f  u n d e t e r m i n e d  sex
Female  and m ale  B. c a n a l i c u l a t u m  l a n d i n g s  by g e a r  t y p e  f rom  J u l y  1983 t o  J u l y
19 8 4 .
O c t o b e r  1983 87 31
A p r i l  1984 7 10
May 6 5
J u l y 12 4
A ug u s t 7 12
T o t a l  87 31 0 0 0 0 0 0 0 0 1 1 9 62
F e m a l e  a n d  m a l e c o n t r a r i u m l a n d i n g s  by g e a r t y p e  f rom  J u l y 1983 t o
1984 .
A p r i l  1984 18 12
May 22 10
June 28 17
J u l y 14 12
A ugus t 14 11
T o t a l  0 0 ” o ~0 0 0 0 0 0 0 96 62
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T a b l e  9 .  B.  car.ic-a sex  r a t i o s  ( f e m a l e : m a l e )  by m on th .
Sample. Eemales
J u l y  1983 136
A ug u s t 102
Se p tem be r 42
O c t o b e r 25
J a n u a r y 72
F e b r u a r y 62
March 61
Ju n e 46
J u l y _21
579
Malea. Xq.£s1
70 206
93 195
51 93
1 26
25 97
26 88
16 77
2 48
JL -J£
286 865
Seas, R a t i o s
1 0 . 5 1 *
1 0 .9 1
1 1 .21
1 0 . 0 4 *
1 0 . 3 4 *
1 0 . 4 1 *
1 0 . 2 6 *
1 0 . 0 4 *
I 0 . 0 6 *
1 0 . 4 9
* S i g n i f i c a n t l y  d i f f e r e n t  f rom  1 :1  a t  = 0 . 0 5 .
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T a b l e  1 1 .  F e m a l e  a n d  m ale  £> c a r i c a  mean ( x )  , s t a n d a r d  d e v i a t i o n  ( s . d . )  and 
sample  s i z e  (N) b y  m o n t h  f o r  s h e l l  l e n g t h ,  s h e l l  w i d t h ,  t o t a l  
w e i g h t ,  m e a t  w e i g h t ,  f o o t  w e i g h t ,  o p e r c u l a  l e n g t h ,  o p e r c u l a  w i d t h  
and o p e r c u l a  w e i g h t .
Shsl l ._ . l eng t h ..Cmml
Fe m ale s X s . d . N
J u l y  1983 1 3 .6 9 6 1 .7 1 3 136
A ug u s t  1983 14 .816 1 .5 1 8 102
S e p tem b e r  1983 1 5 .2 4 0 1 .841 42
O c t o b e r  1983 19 .5 3 6 2 . 2 0 8 25
J a n u a r y  1984 1 5 .1 9 9 1 .0 5 3 72
F e b r u a r y  1984 1 4 .9 0 8 1 .8 7 3 62
March 1984 15 .507 1 .8 6 8 61
Ju n e  1984 1 7 .7 7 8 1 .531 46
J u l y  1984 1 6 .1 7 3 1 .2 3 6 33
Males X s . d . N
J u l y  1983 11 .9 7 6 0 . 9 7 8 70
A ug u s t  1983 1 2 .3 9 0 0 . 8 3 9 93
S e p tem b e r  1983 12 .7 3 3 0 .9 3 5 51
O c t o b e r  1983 1 6 .1 0 0 - 1
J a n u a r y  1984 1 2 .9 0 4 1 .2 0 5 25
F e b r u a r y  1984 1 2 .5 9 6 1 .0 1 2 26
March 1984 1 2 .4 2 5 1 .1 0 8 16
Ju n e  1984 1 4 .7 0 0 - 2
J u l y  1984 1 3 .6 5 0 - 2
She 11. w.id fch-lmm)..
F e m a le s X s . d . N
J u l y  1983 7 .0 1 9 1 .0 2 8 136
A ugus t  1983 7 .3 1 4 0 . 8 3 4 102
S e p tem be r  1983 7 .5 3 3 0 .9 6 3 42
O c t o b e r  1983 9 .8 2 8 1 .1 81 25
J a n u a r y  1984 7 .5 7 4 0 .5 9 7 72
F e b r u a r y  1984 7 .6 6 1 0 .9 8 6 62
March 1984 7 .8 5 7 1 .051 61
J u n e  1984 9 .561 0 .7 1 1 46
J u l y  1984 8 .5 8 5 0 .7 0 2 33
Males X s . d . N
J u l y  1983 6 .0 4 3 0 .6 4 7 70
A ugus t  1983 5 .9 71 0 .4 7 3 93
S e p tem be r  1983 6 . 3 1 4 0 .5 3 0 51
O c t o b e r  1983 8 .1 0 0 - 1
J a n u a r y  1984 6 .4 0 0 0 . 5 7 9 25
F e b r u a r y  1984 6 .4 4 6 0 . 7 2 5 26
March 1984 6 . 1 1 9 0 .7 2 3 16
June  1984 8 .3 0 0 - 2
J u l y  1984 6 .9 0 0 - 2
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T a b l e  11 ( c o n t . )  
Total weigb.L.lg.1 
F e m ale s
J u l y  1983 
A u g u s t  1983 
Se p tem be r  1983 
O c t o b e r  1983 
J a n u a r y  1984 
F e b u a r y  1974 
March 1984 
J u n e  1984 
J u l y  1984
Males
J u l y  1983 
A u g u s t  1983 
Se p tem be r  1983 
O c t o b e r  1983 
J a n u a r y  1984 
F e b u a r y  1974 
March 1984 
Ju n e  1984 
J u l y  1984
Meat  w e i g h t  (g )
Fe m ale s
J u l y  1983 
A ug u s t  1983 
Se p tem be r  1983 
O c t o b e r  1983 
J a n u a r y  1984 
F e b r u a r y  1984 
March 1984 
J u n e  1984 
J u l y  1984
M ales
J u l y  1983 
A ug u s t  1983 
Se p tem b e r  1983 
O c t o b e r  1983 
J a n u a r y  1984 
F e b r u a r y  1984 
March 1984 
J u n e  1984 
J u l y  1984
x s • d • N
2 3 0 .3 5 4  7 6 .1 7 4  136
2 7 8 .2 8 8  6 5 .8 5 8  100
1 5 8 .3 0 2  2 6 . 7 6 8  42
3 8 9 .0 0 0  7 3 .1 9 8  25
2 6 9 .7 8 5  4 0 .2 5 7  72
2 9 0 .1 5 8  6 2 . 5 4 9  62
3 3 0 .6 9 3  1 0 6 .2 8 4  61
5 1 3 .5 5 6  100 .837  46
3 9 8 .1 0 9  9 2 .1 4 9  33
x s . d .  N
1 5 2 .9 8 7  3 5 .9 9 4  70
1 6 8 .4 1 7  2 9 .6 0 0  93
1 2 4 .5 3 9  8 .9 4 9  51
3 0 4 .4 0 0  -  1
1 7 7 .2 4 8  3 6 .5 8 0  25
1 9 7 .2 1 9  4 7 . 3 1 5  26
1 7 8 .7 8 7  4 7 .7 6 1  15
3 4 2 .7 0 0  -  2
2 3 1 .9 5 0  -  2
x s . d .  N
7 3 .3 3 6  3 1 .5 4 5  134
8 0 .9 7 8  20 .9 2 1  99
8 8 .8 3 3  2 5 .0 5 3  42
2 0 3 . 1 4 4  6 8 .4 3 4  25
8 4 .1 8 7  2 3 .9 2 2  72
1 2 4 .8 6 3  4 9 . 2 1 9  62
1 1 9 .1 7 0  4 3 .9 5 3  61
1 9 5 .0 8 2  4 1 .8 5 2  45
1 4 6 .5 4 2  4 1 . 0 6 9  33
x s . d .  N
4 6 .6 1 7  1 3 . 2 9 9  70
4 9 .0 2 2  1 0 .6 2 8  93
6 0 . 1 7 5  1 7 .0 7 0  51
1 0 1 ,1 0 0  -  1
5 3 .0 9 6  1 5 .9 7 8  24
6 4 .0 3 1  2 6 .8 1 3  25
6 0 .9 0 0  1 7 .9 1 7  15
1 2 5 .4 5 0  -  2
8 2 .9 0 0  -  2
T a b l e  11 ( c o n t * )
61
Foot, weight.Lg.1
Fe m ale s
J u l y  1983 
A u g u s t  1983 
S e p tem be r  1983 
O c t o b e r  1983 
J a n u a r y  1984 
F e b r u a r y  1984 
March 1984 
Ju n e  1984 
J u l y  1984
Males
J u l y  1983 
A u g u s t  1983 
S e p tem be r  1983 
O c t o b e r  1983 
J a n u a r y  1984 
F e b r u a r y  1984 
March 1984 
J u n e  1984 
J u l y  1984
Qpercnla.length (mm) 
F e m ale s
J u l y  1983 
A ug u s t  1983 
S e p tem b e r  1983 
O c t o b e r  1983 
J a n u a r y  1984 
F e b r u a r y  1984 
March 1984 
June  1984 
J u l y  1984
Males
J u l y  1983 
A u g u s t  1983 
S e p tem b e r  1983 
O c t o b e r  1983 
J a n u a r y  1984 
F e b r u a r y  1984 
March 1984 
Ju n e  1984 
J u l y  1984
x s . d *  N
4 3 . 3 6 9  1 8 .9 5 9  134
4 4 .6 7 7  1 2 .8 4 0  98
5 3 .1 2 9  1 8 .2 3 5  42
1 2 7 .1 1 2  43 .1 3 1  25
4 7 . 6 3 3  1 3 .6 2 3  72
7 3 .1 5 2  2 9 .4 0 6  60
6 6 .5 8 6  2 5 . 9 0 9  59
9 7 .8 9 8  2 1 . 4 2 9  46
7 1 . 2 4 8  2 2 .2 7 0  33
x s . d .  N
2 8 .4 4 6  8 .6 1 8  69
3 0 . 6 8 4  6 . 8 9 5  93
3 5 . 3 5 9  9 .791  51
5 5 .8 0 0  -  1
3 1 . 8 6 4  10 .4 9 6  25
4 1 . 1 9 6  1 7 .5 1 2  26
3 6 . 1 5 0  1 1 .0 3 7  16
7 0 .5 0 0  -  2
5 2 .4 5 0  -  2
x s . d .  N
4 .4 8 6  0 . 7 6 9  48
5 .0 9 7  0 .4 8 1  71
5 .0 7 8  0 . 5 8 8  42
6 .4 7 7  0 .7 8 3  25
5 .1 4 0  0 . 3 6 8  72
5 .1 8 7  0 .6 6 5  58
5 .2 5 9  0 .6 2 0  60
6 .1 7 6  0 .4 7 1  39
5 .6 2 5  0 .4 2 1  32
x s . d .  N
4 . 0 1 5  0 . 5 1 9  30
4 . 2 1 8  0 . 3 8 0  72
4 . 3 2 8  0 .3 4 7  50
6 . 7 7 5  -  1
4 . 3 1 0  0 .3 2 7  25
4 . 4 0 0  0 . 4 3 8  25
4 . 2 8 4  0 . 3 9 9  16
5 .4 7 5  -  2
4 . 6 9 5  -  2
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T a b l e  11 ( c o n t . )
O p e r c u l a  w i d t h  (mm)
F em ales
J u l y  1983 
A ugus t  1983 
Se p tem be r  1983 
O c t o b e r  1983 
J a n u a r y  1984 
F e b r u a r y  1984 
March 1984 
Ju n e  1984 
J u l y  1984
Males
J u l y  1983 
A ugus t  1983 
S e p tem be r  1983 
O c t o b e r  1983 
J a n u a r y  1984 
F e b r u a r y  1984 
March 1984 
Ju n e  1984 
J u l y  1984
O p e r c u l a  w e i g h t  ( g )
F em ales
J u l y  1983 
A ugus t  1983 
S e p tem be r  1983 
O c t o b e r  1983 
J a n u a r y  1984 
F e b r u a r y  1984 
March 1984 
J une  1984 
J u l y  1984
Males
J u l y  1983 
A ugus t  1983 
Se p tem be r  1983 
O c t o b e r  1983 
J a n u a r y  1984 
F e b r u a r y  1984 
March 1984 
J une  1984 
J u l y  1984
x s . d .  N
2 .2 9 1  0 .3 9 2  48
2 .6 4 3  0 .3 7 1  71
2 .5 7 0  0 .2 8 6  42
3 .1 7 5  0 . 3 4 8  25
2 .6 0 0  0 .1 9 3  72
2 .6 2 0  0 .3 1 6  58
2 .6 8 4  0 . 3 3 2  60
3 .0 9 0  0 . 2 2 3  39
2 .9 3 6  0 . 2 0 2  32
x s . d .  N
2 .1 9 0  0 . 3 7 8  30
2 .1 5 7  0 .1 7 2  72
2 .1 9 6  0 . 1 5 5  50
3 .1 6 0  -  1
2 .2 4 3  0 .2 0 2  25
2 . 2 2 8  0 .2 7 7  25
2 .2 1 1  0 .2 1 7  16
2 . 6 2 5  -  2
2 .4 5 2  -  2
x s . d .  N
1 .221  0 .5 3 6  48
1 .6 8 5  0 . 3 7 9  71
1 .6 5 2  0 . 5 1 8  42
3 .1 7 2  0 . 8 5 0  25
1 .6 8 5  0 . 3 7 4  72
1 .7 0 6  0 .5 7 2  58
1 .9 3 5  0 .7 0 6  60
2 .9 0 2  0 . 7 7 8  39
2 .1 8 8  0 . 5 4 9  32
x s . d .  N
0 .9 2 1  0 . 2 4 8  30
1 .0 0 0  0 . 1 7 5  72
1 .0 2 2  0 . 2 5 0  50
3 .2 1 0  -  1
1 . 0 3 9  0 .3 1 7  25
1 .0 9 6  0 . 3 0 8  25
1 . 0 5 9  0 . 2 8 9  16
1 .831  -  2
1 . 4 2 4  -  2
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T a b l e  1 3 .  g.. c a n a l i c u l a t u r n  se x  r a t i o s  ( f e m a l e : m a l e )  by m o n th .
Sample F e m a le s  Male s , .  l a  L a i  S,a& ..RafciftS.
O c t o b e r  1983 87 31 118 1 : 0 . 3 5 *
A p r i l  1984 7 10 17 1 : 1 . 4 3
May 1984 6 5 11 1 : 0 . 8 3
J u l y  1984 12 4 16 1 : 0 . 3 3 *
A u g u s t  1984 _ _ z 11 19 1 : 1 . 7 1 *
119 62 181 1 : 0 . 5 2 *
* S i g n i f i c a n t l y  d i f f e r e n t  a t  = 0 . 0 5 .
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T a b l e  1 5 .  F e m a l e  a n d  m a l e  S.. c a n a l i c u l a t u m  m ean  ( x ) ,  s t a n d a r d  d e v i a t i o n  
( s . d . )  and sample  s i z e  (N) by month f o r  s h e l l  l e n g t h ,  s h e l l  w i d t h ,  
t o t a l  w e i g h t ,  m ea t  w e i g h t ,  f o o t  w e i g h t ,  o p e r c u l a  l e n g t h ,  o p e r c u l a  
w i d t h  and o p e r c u l a  w e i g h t .
S h e l l - l e n g t h . ,  ( m b ), 
F em ales s . d . N
O c t o b e r  1983 
A p r i l  1984 
May 1984 
J u l y  1984 
A ug u s t  1984
1 4 .3 6 4
1 5 .3 0 0
1 5 .4 5 0
19 .2 6 7
16 .6 4 3
2 . 221
2 .2 8 5
1 .7 5 4
0 . 9 4 4
3 .2 0 6
87 
7 
6 
12 
7
Males s *d . N
O c t o b e r  1983 
A p r i l  1984 
May 1984 
J u l y  1984 
A ug u s t  1984
12 .671
1 4 .8 2 0
1 4 .9 0 0
1 5 .7 4 5
15 .8 3 3
1 .3 9 3
2 .6 2 2
1 .3 8 2
0 .4 4 3
1 .2 4 2
31
10
5
4
12
Shell -width.(mm)
F e m ale s  x s . d .  N
O c t o b e r  1983 7 .5 8 3  1 .2 9 0  87
A p r i l  1984 7 .4 4 3  1 .0 3 7  7
May 1984 8 .6 8 3  1 .0 1 9  6
J u l y  1984 9 .9 4 2  0 .5 8 7  12
A ugus t  1984 9 .3 8 6  1 . 8 5 9  7
M ales  x  s . d .  N
O c t o b e r  1983 6 .4 5 2  0 .7 8 1  31
A p r i l  1984 7 .3 9 0  1 .1 8 6  10
May 1984 8 .6 6 0  0 .9 7 6  5
J u l y  1984 8 .4 7 5  0 .5 9 1  4
A u g u s t  1984 8 .3 0 8  0 .4 5 6  12
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T a b l e  15 ( c o n t . )  
Total ...weight (g)
F e m ale s
O c t o b e r  1983 
A p r i l  1984 
May 1984 
J u l y  1984 
A u g u s t  1984
Males
O c t o b e r  1983 
A p r i l  1984 
May 1984 
J u l y  1984 
A ugus t  1984
Meat, wei&hfc- (g)
Fe m ale s
O c t o b e r  1983 
A p r i l  1984 
May 1984 
J u l y  1984 
A ugus t  1984
Males
O c t o b e r  1983 
A p r i l  1984 
May 1984 
J u l y  1984 
A ug u s t  1984
x s.d. N
19 6 .1 7 6  7 7 . 8 5 9  87
3 0 8 .8 0 0  1 3 8 .2 8 7  7
3 4 8 .4 1 7  9 3 .7 1 2  6
6 1 7 .7 5 0  8 4 .3 7 5  12
4 5 0 .1 0 0  2 2 0 .0 9 6  7
x s . d .  N
132 .2 61  3 9 . 4 9 9  31
2 8 9 .5 1 0  95 .4 9 6  10
3 1 1 .1 0 0  8 1 .0 9 3  5
3 5 8 .6 5 0  4 5 . 3 5 5  4
33 8 .5 6 7  4 7 . 7 4 8  12
x s . d .  N
9 7 .6 6 8  4 5 . 9 5 5  87
1 7 8 .057  1 0 5 .0 1 8  7
1 7 7 .7 6 7  5 3 .1 2 6  6
3 6 7 .6 6 7  7 4 .6 6 3  12
2 7 7 .2 0 0  1 4 2 .8 4 4  7
x s . d .  N
6 2 .5 4 2  1 8 .9 6 5  31
1 6 3 .8 3 0  6 2 .9 5 7  10
1 6 9 .7 4 0  6 0 . 0 6 4  5
1 8 9 .6 7 5  4 2 . 5 1 4  4
1 9 1 .5 2 5  3 3 . 1 5 4  12
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T a b l e  15 ( c o n t . )  
float .■■WftighL..(gI
F e m ale s
O c t o b e r  1983 
A p r i l  1984 
Hay 1984 
J u l y  1984 
A u g u s t  1984
Males
O c t o b e r  1983 
A p r i l  1984 
May 1984 
J u l y  1984 
A u g u s t  1984
Q p s r .c y ia , i e n s l b - L m a l  
F e m ale s
O c t o b e r  1983 
A p r i l  1984 
May 1984 
J u l y  1984 
A ug u s t  1984
Males
O c t o b e r  1983 
A p r i l  1984 
May 1984 
J u l y  1984 
A ug u s t  1984
x s.d. N
5 7 .3 5 3  28 .1 2 1  87
1 0 4 .2 2 9  6 1 . 2 2 8  7
1 0 1 .6 8 3  2 9 .7 4 2  6
1 6 5 .1 8 3  2 9 . 1 5 9  12
1 5 6 .4 1 4  7 9 .2 2 0  7
x s . d .  N
3 6 . 2 1 9  1 1 .5 8 6  31
9 7 .0 9 0  3 9 .4 6 7  10
9 7 .0 8 0  3 1 . 2 6 0  5
8 9 .9 2 5  1 5 . 5 5 4  4
1 1 8 .3 9 2  2 3 . 3 5 0  12
x s . d .  N
4 . 8 0 9  0 . 7 6 5  85
5 .4 3 6  0 . 4 0 4  7
5 .5 3 2  0 . 7 5 4  6
6 . 8 3 8  0 .4 0 6  10
6 . 0 2 0  1 .0 4 9  7
x s . d .  N
4 . 2 5 0  0 .4 5 6  31
6 . 1 9 9  1 .4 2 8  10
6 . 1 0 5  0 .3 1 7  4
6 .1 8 6  0 . 3 5 3  4
5 . 9 6 9  0 .4 1 3  10
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T a b l e  15 ( c o n t . )  
Qae.rc u  1 a .. .« id  t h . ( m l
F e m ale s
O c t o b e r  1983 
A p r i l  1984 
Hay 1984 
J u l y  1984 
A u g u s t  1984
Males
O c t o b e r  1983 
A p r i l  1984 
May 1984 
J u l y  1984 
A u g u s t  1984
Q p e r c u ia  w e ig h t., 1 & ),
Fe m ale s
O c t o b e r  1983 
A p r i l  1984 
May 1984 
J u l y  1984 
A ug u s t  1984
Males
O c t o b e r  1983 
A p r i l  1984 
May 1984 
J u l y  1984 
A u g u s t  1984
x s . d .  N
2 .6 5 6  0 .4 9 6  85
3 . 0 4 5  0 . 4 0 9  7
3 . 1 4 9  0 .5 4 0  6
3 . 9 2 4  0 .2 0 6  10
3 .5 2 6  0 . 5 1 0  7
x s . d .  N
2 . 3 2 9  0 .2 9 7  31
3 . 1 3 0  0 .3 7 1  10
3 . 3 6 9  0 .1 8 2  4
3 .4 3 6  0 .3 1 6  4
3 .4 0 2  0 . 2 4 8  10
x s . d .  N
0 . 9 5 6  0 . 5 3 9  85
1 . 2 3 9  0 .6 0 0  7
1 .3 1 1  0 . 5 4 8  6
2 . 8 9 8  0 .4 8 6  10
2 . 0 8 8  0 .9 7 7  7
x s . d .  N
0 .6 0 3  0 .2 0 0  31
1 .7 0 3  0 .7 9 2  10
2 . 4 7 8  0 . 7 8 8  4
1 . 8 8 9  0 .4 7 5  4
2 . 1 3 8  0 .5 6 7  10
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T a b l e  1 6 .  S.. contrarium s e x  r a t i o s  ( f e m a l e : m a l e ) by m o n th .
Sample Eemales Males laLal 8ex R a t i o s
A p r i l  1984 18 12 30 1 : 0 . 6 7 *
May 1984 22 10 32 1 : 0 . 4 5 *
J u n e  1984 28 17 45 1 : 0 .61*
J u l y  1984 14 12 26 1 : 0 .86
A ug u s t  1984 14 LI - 1 1 1 : 0 . 7 9
96 62 158 1 : 0 . 6 5 *
* S i g n i f i c a n t l y  d i f f e r e n t  = 0 . 0 5 .
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T a b l e  1 8 ,  Female  and m ale  S.. c o n t r a r i u m  mean ( x )  , s t a n d a r d  d e v i a t i o n  ( s . d . )
and sam ple  s i z e  (N) by  month f o r  s h e l l  l e n g t h ,  s h e l l  w i d t h ,  t o t a l  
w e i g h t ,  m ea t  w e i g h t ,  f o o t  w e i g h t ,  o p e r c u l a  l e n g t h ,  o p e r c u l a  w i d t h  
and o p e r c u l a  w e i g h t .
Shfill.len& thJm m )
F e m a le s  x s . d .  N
A p r i l  1984 2 2 .7 0 6  1 .6 0 8  18
May 1984 2 2 . 3 0 0  1 .5 3 2  22
J u n e  1984 2 2 .2 5 0  1 .7 1 3  28
J u l y  1984 2 1 .3 8 6  4 . 0 3 8  14
A u g u s t  1984 2 1 .0 8 6  4 . 0 3 8  14
M ales  x s . d .  N
A p r i l  1984 1 6 .8 6 7  1 .8 9 0  12
May 1984 1 7 .5 8 0  1 .4 3 2  10
Ju n e  1984 1 7 . 2 8 8  2 .0 4 3  17
J u l y  1984 1 6 .4 6 7  1 .7 0 2  12
A ug u s t  1984 1 7 .3 3 6  1 .3 0 4  11
S h e l l  w i d t h  (mm)
F e m a le s  x s . d .  N
A p r i l  1984 1 1 .8 5 0  0 .7 9 6  18
May 1984 1 1 .7 3 6  0 . 7 9 4  22
J u n e  1984 1 1 .5 0 7  0 .9 7 5  28
J u l y  1984 1 1 .2 4 3  1 .0 1 0  14
A u g u s t  1984 10 .821  2 .0 9 1  14
"Males x s . d .  N
A p r i l  1984 8 .6 9 2  0 . 9 3 4  12
May 1984 8 .9 8 0  0 .6 7 6  10
J u n e  1984 8 .671  0 .9 3 5  17
J u l y  1984 8 .4 5 0  0 . 8 2 0  12
A ug u s t  1984 8 .9 3 6  0 . 7 5 5  11
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Table 18 (cont.)
lQ,fial. weight-Is.).
Fe m ale s
A p r i l  1984 
May 1984 
J u n e  1984 
J u l y  1984 
A u g u s t  1984
Males
A p r i l  1984 
May 1984 
Ju n e  1984 
J u l y  1984 
A u g u s t  1984
Meat  w e i g h t ,  ( g )
F e m a le s
A p r i l  1984 
May 1984 
J u n e  1984 
J u l y  1984 
A ug u s t  1984
Males
A p r i l  1984 
May 1984 
J u n e  1984 
J u l y  1984 
A ugus t  1984
x s . d .  N
11 3 7 .8 1 7  2 6 4 .8 3 2  18
1 0 7 6 .5 9 5  2 5 1 .5 5 3  22
1 0 5 4 .9 7 5  2 4 0 .7 1 4  28
1 043 .621  2 6 8 .6 4 4  14
1001 .8 71  4 6 1 .4 8 4  14
x s . d .  N
4 3 8 .7 5 0  1 4 4 .1 0 6  12
4 7 2 .3 8 0  92 .4 41  10
4 3 7 .9 0 6  1 2 2 .7 4 0  17
3 9 6 .0 7 5  1 0 9 .7 6 9  12
4 7 8 .8 4 5  1 1 3 .7 3 6  11
x s . d .  N
5 3 3 .3 2 8  1 1 3 .6 3 8  18
4 7 7 .8 9 1  1 1 4 .6 3 8  22
47 1 .4 4 1  1 0 6 .4 5 9  28
4 7 1 .8 4 3  1 3 6 . 5 1 9  14
4 8 2 .9 6 4  2 3 3 .0 7 4  14
x s . d .  N
1 9 7 .6 4 2  5 7 .5 7 5  12
2 0 1 .8 8 0  4 3 . 1 8 0  10
1 9 7 .8 2 9  5 0 . 9 2 9  17
1 6 7 .6 3 3  5 0 . 2 0 4  12
2 1 5 .9 8 2  5 3 .1 6 8  11
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Table 18 (cont.)
F.pQt w eig h t Cs)
Fe m ale s
A p r i l  1984 
May 1984 
J u n e  1984 
J u l y  1984 
A u g u s t  1984
Males
A p r i l  1984 
May 1984 
Ju n e  1984 
J u l y  1984 
A u g u s t  1984
Q&ar c vla-laafeLh Cam),
Fe m ale s
A p r i l  1984 
May 1984 
Ju n e  1984 
J u l y  1984 
A ug u s t  1984
Males
A p r i l  1984 
May 1984 
Ju n e  1984 
J u l y  1984 
A u g u s t  1984
x s . d .  N
3 0 6 .5 3 3  6 9 .4 5 3  18
2 6 1 .7 8 2  57 .1 2 7  22
2 4 9 .2 1 8  5 9 .1 2 2  28
2 2 6 .6 3 6  5 7 .2 7 3  14
264 .721  1 2 4 .7 2 2  14
x s . d .  N
1 1 8 .2 2 5  4 1 . 0 6 7  12
1 2 1 .2 7 0  2 2 .4 7 0  10
1 1 0 .5 5 9  3 2 .3 2 6  17
8 9 .5 4 2  3 1 .6 5 3  12
1 4 1 .3 7 3  3 5 .5 4 1  11
x s . d .  N
8 .6 8 9  0 . 5 5 9  18
8 .6 7 4  0 .6 5 1  22
8 .531  0 .6 7 6  28
8 .6 3 2  0 . 7 3 6  13
8 .3 2 9  1 .7 8 0  14
x s . d .  N
6 .6 4 0  0 . 6 6 4  11
6 . 9 0 4  0 . 5 5 0  10
6 . 7 8 9  0 . 5 4 4  17
6 .4 6 5  0 . 6 9 4  12
7 .067  0 . 5 6 8  11
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Table 18 (cont.)
O p e r c u l a  w i d t h  (mm)
Fe m ale s
A p r i l  1984 
Hay 1984 
Ju n e  1984 
J u l y  1984 
A ug u s t  1984
Males
A p r i l  1984 
May 1984 
Ju n e  1984 
J u l y  1984 
A u g u s t  1984
Qp.excu.ia.tte isb.£-i&) 
Fe m ale s
A p r i l  1984 
May 1984 
Ju n e  1984 
J u l y  1984 
A ug u s t  1984
Males
A p r i l  1984 
May 1984 
J u n e  1984 
J u l y  1984 
A u g u s t  1984
x s . d .  N
4 .3 1 5  0 .3 7 7  18
4 .3 6 7  0 .3 0 1  22
4 .2 7 5  0 .4 0 6  28
4 . 4 1 4  0 . 4 5 9  13
4 .1 6 3  0 .9 1 1  14
x s . d .  N
3 .2 8 7  0 .4 2 1  11
3 .4 3 3  0 . 2 1 3  10
3 . 3 6 4  0 . 2 7 9  17
3 .2 5 2  0 . 2 6 0  12
3 . 5 2 9  0 .3 8 7  11 '
x s . d .  N
7 .3 9 5  2 .2 7 1  18
7 .2 5 8  2 . 4 2 4  22
7 .2 4 4  1 .9 4 3  28
7 .4 3 6  2 .1 7 7  13
7 .8 6 2  4 .2 6 7  14
x s . d .  N
3 .4 6 2  1 .5 3 0  11
3 .5 7 6  0 .7 3 7  10
3 . 2 1 4  0 .8 3 6  17
3 . 0 5 5  0 . 8 6 8  12
4 . 3 0 9  1 .5 9 8  11
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F i g u r e  1 .  Abundance o f  Busvcon  s p e c i e s  a t  l o c a t i o n s  a l o n g  t h e  
e a s t e r n  U n i t e d  S t a t e s ,  and c o a s t  o f  Mexico ( a d a p t e d  
f r o m  f i g u r e s  b y  P a i n e  ( 1 9 6 2 )  a n d  Wood ( 1 9 7 9 ) ) .  
D a t a  f r o m :  ( 1 )  S u m n e r  e t  a l . ,  1 9 1 3 ;  ( 2 )  Wood
( 1 9 7 9 ) ;  ( 3 )  Wood a n d  Wood,  1 9 2 8 ;  ( 4 )  t h i s  r e p o r t  
( 5 )  M a g a l h a e s ,  1 9 4 8 ;  ( 6 )  W alker  e t  a l . ,  1980 ;  ( 7 )  
P a i n e ,  1962;  ( 8 )  P o s t ,  1899 ;  ( 9 )  H i l d e b r a n d e ,  1954 .
(2) NARRAGANSETT BAY
363 carica 
235 canaliculatum
(3) CAPE MAY
(1) WOODS HOLE
27 canaliculatum 
5 carica
U .S.A (4)* CHESAPEAKE BAY 
J89  carica
M EXICO
(9) OBREGON
16 contrarium 
8 spiratum
910 carica 
61 canaliculatum 
29 contrarium
47 carica 
6 canaliculatum
(5) BEAUFORT
( canaliculatum
(7) ALLIGATOR HARBOR 
899 contrarium 
221 spiratum
(6) WASSAW SOUND
79 carica 
1 canaliculatum 
21 contrarium
(9) CORPUS CHRISTI
123 contrarium 
65 spiratum (8) TAMPA
47 contrarium 
6 spiratum
*from  com m ercia l landings Ju ly  '83 — Merck '84.
A ^ y  ii~
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F i g u r e  2 .  C o m m e r c i a l  f i s h i n g  a r e a s  f o r  B u s y c o n  w h e l k s  a s  
d e s i g n a t e d  b y  t h e  V i r g i n i a  M a r i n e  R e s o u r c e s  
Com m iss ion ,  Newport  News,  VA.
A r e a  1:  same a s  f o r  c r a b  d r e d g i n g  s e a s o n  
c o n v e n t i o n a l  d r e d g e  o n l y  
A re a  2 :  1 A p r i l  t h r o u g h  30 Se p tem b e r  
c o n v n e t i o n a l  d r e d g e  o n l y  
c a t c h  l i m i t e d  t o  conch  
A r e a  3 :  y e a r  r o u n d ;  no g e a r  r e s t r i c t i o n  
A re a  4 :  1 May t h r o u g h  30 Se p tem b e r  
c o n v e n t i o n a l  d r e d g e  o n l y  
c a t c h  l i m i t e d  t o  conch  
A r e a  5:  1 J a n u a r y  t h r o u g h  31 A u g u s t  and 
1 November t h r o u g h  31 December 
no g e a r  r e s t r i c t i o n s
AREA 5
Cape Charles
AREA 4
AREA 2
9 AREA 5
AREA 3
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F i g u r e  3 .  V i r g i n i a  c o n c h  d r e d g e  l a n d i n g s  a n d  l i c e n s e s  f o r  
1 9 7 8 - 1 9 8 5 .
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F i g u r e  4 . V i r g i n i a  l a n d i n g s  o f  &. c a n a l i s a  LaUtffi a n d  B .  
c o n t r a r i u m  w i t h  t h e  s u r f  c l a m ,  S p i s u l a  SQ .li^iS-£.iaa» 
f o r  1 9 4 0 - 1 9 8 5 .
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F i g u r e  5 .  T o t a l  V i r g i n i a  Busycon  l a n d i n g s  f o r  1 9 4 0 - 1 9 8 5 .
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Figure 6 T o t a l  l a n d i n g s  o f  B. c a r i c a ,  B.  c a n a li.c .u la L ii.m  a nd  
B.  c o n t r a r i u m  e s t i m a t e d  f r o m  s a m p l i n g  and a n n u a l  
l a n d i n g s  f o r  1 9 4 0 - 1 9 8 5 .
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F i g u r e  7 .  A verage  p r i c e  f o r  V i r g i n i a  Busycon  l a n d i n g s  
1940-1985 .
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F i g u r e  8 F e m a l e  a nd  m a l e  c a r i c a  s h e l l  l e n g t h  (mm) b y  
m o n t h •
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Figure 9. Female and male B. carica shell width (mm)
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F i g u r e  1 0 .  F e m a l e  a n d  m a l e  B .  c a r i c a  t o t a l  w e i g h t  ( g )  b y  
m o n t h •
TOTAL WEIGHT
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F i g u r e  11* Female  and m ale  B. c a r i c a  mea t  w e i g h t  ( g )  by  m o n th .
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F i g u r e  1 2 .  F e m a l e  a nd  m a l e  B .  c a r i c a  f o o t  w e i g h t  ( g )  b y  
m o n th .
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F i g u r e  1 3 .  Female  and m ale  g,., c a r i c a  o p e r c u l a  l e n g t h  (mm) b y  
m o n t h .
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F i g u r e  1 4 .  Female  and m ale  B. c a r i c a  o p e r c u l a  w i d t h  (mm) by  
m o n th .
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F i g u r e  1 5 .  Female  and m ale  B. c a r i c a  o p e r c u l a  w e i g h t  ( g )  by  
m o n t h .
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F i g u r e  1 6 .  F e m a l e  ( a b o v e )  a n d  m a l e  ( b e l o w )  B .  c a r i c a  
r e g r e s s i o n  o f  s h e l l  w i d t h  (mm) o n  s h e l l  l e n g t h  
(mm) •
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Figure 17. Female (above) and male (below) B. • car ica
regression of meat weight (g) on total weight (g).
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Figure 18. Female (above) and male (below) B.. c ar ica
regression of weight (g) on shell length
(mm) •
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F i g u r e  1 9 .  F e m a l e  ( a b o v e )  a n d  m a l e  ( b e l o w )  g..  c a r  i  c a 
r e g r e s s i o n  o f  o p e r c u l a  l e n g t h  (mm) on s h e l l  l e n g t h  
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Figure 20. Female (above) and male (below) B. garis.a
regression of foot weight (g) on total weight (g).
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F i g u r e  2 1 ,  E d i b l e  m ea t  y i e l d  ( f o o t  w e i g h t / t o t a l  w e i g h t )  f o r  
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F i g u r e  2 2 .  Female  and male  c a n a l  i c u  l a  turn s h e l l  l e n g t h  (mm)
by m o n th .
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F i g u r e  2 3 .  F e m a l e  and  male  B. c a n a l i c u l a t u m  s h e l l  w i d t h  (mm) 
by m on th .
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F i g u r e  2 4 . F e m a l e  a n d  m ale  g.. canallcu latm a t o t a l  w e i g h t  ( g )  
by m on th .
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Figure 25. Female and male B. canaliculatum meat weight (g) by
month.
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Figure 26. Female and male B. canaliculatum foot weight (g)
by month.
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Figure 27. Female and male B. canaliculatum opercula length
(mm) by month.
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Figure 28. Female and male canaliculatum opercula width
(mm) by month.
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Figure 29. Female and male B. canaliculatum opercula weight
(g) by month.
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Figure 30. Female (above) and male (below) B. canaliculatum
regression of shell width (mm) on shell length
(mm) •
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Figure 31. Female (above) and male (below) B. canaliculatum
regression of meat weight (g) on total weight (g).
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Figure 32. Female (above) and male (below) canaliculatum
regression of total weight (g) on shell length
(mm) •
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Figure 33. Female (above) and male (below) B. canaliculatum
regression of opercula length (mm) on shell length
(mm) •
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B. c a n a l i e u l a t u r n .
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Figure 36. Female and male B. contrarium shell length (mm) by
month.
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Figure 37. Female and male B. contrarium shell width (mm) by
month.
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F i g u r e  3 8 ,  Female  and m ale  B. c o n t r a r i u m  t o t a l  w e i g h t  ( g )  by
m on th .
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Figure 39. Female and male S.. CQatr.ariua meat weight (g) by
month.
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Figure 40. Female and male S.. contrarium foot weight (g) by
month•
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Figure 41. Female and male B. contrarium opercula length (mm)
by month.
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Figure 42. Female and male B. contrarium opercula width (mm)
by month.
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Figure 43. Female and male B. contrarium opercula weight (g)
by month.
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F i g u r e  4 4 .  F e m a l e  ( a b o v e )  a nd  m a l e  ( b e l o w )  B.  c o n t r a r i u m  
r e g r e s s i o n  o f  s h e l l  w i d t h  (mm) on  s h e l l  l e n g t h  
(mm) .
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Figure 45. Female (above) and male (below) B. contrarium
regression of meat weight (g) on total weight (g).
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F i g u r e  4 6 .  F e m a l e  ( a b o v e )  a n d  m a l e  ( b e l o w )  B.  c o n t r a r i u m  
r e g r e s s i o n  o f  t o t a l  w e i g h t  ( g )  o n  s h e l l  l e n g t h  
(mm) •
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F i g u r e  4 7 .  F e m a l e  ( a b o v e )  a nd  m a l e  ( b e l o w )  B.  c o n t r a r  i u m  
r e g r e s s i o n  o f  o p e r c u l a  l e n g t h  (mm) on s h e l l  l e n g t h  
(mm) •
I
Y =  1.632 +  0.73X
R2 = 0.60
12-1
Z
Ll!_J 8 -
<
Z>
o
VC
LU RCL 6 “o
3025201510
Legend
A OPL
Regression___
Upper 95% C.l. 
Lower 95% CJ.
SHELL LENG1H (MM)
Y =  2.489 +  07Q7X 
R2 =  0.50
Legend
A on. 
Regression
5 -|-------------------- r-----------------1-------------------1------------------ 1
H  16 18 20 22
SHELL LENGH flWl)
ifrper 9SX C l 
Lower 9SX C l
123
Figure 48. Female (above) and male (below) g.. contrarium
regression of foot weight (g) on total weight (g).
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F i g u r e  4 9 .  E d i b l e  m ea t  y i e l d  ( f o o t  w e i g h t / t o t a l  w e i g h t )  f o r  
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VITA
B o r n  i n  P e r t h  Amboy,  New J e r s e y  on May 2 8 ,  19 5 9 .  G r a d u a te d  from 
S t .  M a r y ' s  H i g h  S c h o o l  i n  S o u t h  Amboy,  NJ i n  1 9 7 7 .  A w a rd e d  summer  
s t u d e n t  f e l l o w h i p  a t  t h e  U n i v e r s i t y  o f  M ary land  Horn P o i n t  E n v i r o n m e n t a l  
L a b o r a t o r y  t o  i n v e s t i g a t e  b a r n a c l e  d i s t r i b u t i o n  i n  t h e  n o r t h e r n  
C h e s a p e a k e  B a y .  R e c e i v e d  B . A .  i n  Z o o l o g y  w i t h  a m in o r  i n  P s y c h o l o g y  
f rom R u t g e r s  C o l l e g e  i n  1981 .
E n r o l l e d  a t  t h e  V i r g i n i a  I n s t i t u t e  o f  M a r i n e  S c i e n c e  F a l l  o f  
1 9 8 2 . Awarded r e s e a r c h  a s s i s t a n t s h i p  s p o n s o r e d  by V i r g i n i a  S e a  G r a n t  i n  
t h e  D e p a r tm e n t  o f  A d v i s o r y  S e r v i c e s  f rom 1982 t h r o u g h  19 8 4 .
Began f o u r  month  i n t e r n s h i p  i n  J a n u a r y  1985 w i t h  t h e  D e p a r t m e n t  o f  
C o m m e r c e / O f f i c e  o f  Ocean and C o a s t a l  R e s o u r c e  Management  i n  W a s h i n g t o n ,  
D.C.  t o  p r e p a r e  s e c t i o n s  o f  a s t u d y  c o m m i s s i o n e d  b y  C o n g r e s s  on  t h e  
" c o n s i s t e n c y ” c l a u s e  o f  t h e  C o a s t a l  Zone Management  A c t .
Employed by The V i r g i n i a  M a r ine  R e s o u r c e s  Commiss ion  i n  A p r i l  1985  
a s  a f i s h e r i e s  management  s p e c i a l i s t .  F i r s t  d u t y  was t o  p r e p a r e  a d r a f t  
f i s h e r y  management  p l a n  f o r  t h e  A m er ican  o y s t e r .
